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2. 
GENERAL INTRODUCTION. 
The term "algae" is applied to a vast number of widely diversified 
oxygen-evolving photosynthetic Organisms, ranging from uni-cellular systems 
to giant multicellular kelps. They occur in great abundance in both fresh 
and salt water, and include the fresh water algae, soil algae, marine plankton 
and marine algae or seaweeds. 
The marine algae are largely confined to shallow coastal waters by 
their requirement of sunlight for photosynthesis, although some free floating 
species can penetrate far beyond the continental shelves. They are low in 
the evolutionary scale, consisting generally of bold! ast, atipe, fronds and 
spores. The holdfaat and atipe serve to anchor the fronds which absorb 
nutrients from the surrounding sea-water. The marine algae have been 
divided into four classes which are identified by their dominant colours. 
These are:- 
Cyanophyoaea or blue-green algae, which are small (frequently uni-
cellular) and tend to form free-floating scums or lichenous deposits on rocks. 
Chlorophycaea or gree9&Lgae which are grass like growths. 
(o) Phaeophyaaa or red algae, which is the largest and most diversified class. 
(d) 	ec' 	or brown &) 	wiCk tnc'es some o 	tk. 	'ge& 	eed 
We availability o the marine algae in oo8tal waters has led to 
their utilisation from ancient times as foodstuffs, fertilisers, Itc., but 
it is only in relatively recent times that they have been examined chemically 
for their inorganic, organic end, latterly, polysaccharide constituents. 
These investigations, for convenience, have been mainly directed at the 
3. 
larger species of the more readily available algae, and many species remain 
to be studied before comprehensive biochemical conclusions can be drawn 
concerning their general composition and metabolism. The high molecular 
weight carbohydrate components can be separated into three main functional 
olaee8 S 
Reserve polysaocharid.es, which are stored by the algae for use as a 
food supply during periods of nutritional stress. 
Cell-wall polysaooharidea, which are water insoluble structural units 
in the seaweeds, and are readily syntheaised in response to any rupture 
or damage to the cells. 
(a) Mucilages, which are water soluble polysacoharidea other than the intra- 
cellular storage products, and which mainly occur in the continuous 
amorphous phase of cell walls (Myers and Preston, 1959 a s b). 
The occurrence and structures of many of these polysacoharidea 
have been reviewed by Whistler and Smart (1953), Meeuae (1962) 9 Kreger 
(196: ), O'Colla (1962), and Clarke and Stone (1963). A discussion of the 
general methods used for their structural analysis has been provided by 
Manners (1959). The polysaooharides occurring in algae are numerous and 
widely varied, including both homo- and heteropolysacchax4des, and sulphated 
polyesters. For the purpose of this work only a ajection of these has been 
included, comprising p.40-linked. polysacoharides and some others which are 
related either structurally or environmentally with these. For completion, 
some related polysacoharides derived from higher land plants and fungi have 
also been reviewed. 
4. 
Reserve Polyaaooharjdea. 
Whereas starch has long been recognised as having widespread 
significance in land plants as a food storage roduct, the correspond:Lng 
reserve polysacoharides of the algae are more diversified. Since the 
(Th].orophycaea bear the closest metabolic resemblance to higher plants, it 
is not surprising that many of these also produce starches as reserve 
products. A glucan containing 3-1,3-linkagee, has however, been reported 
(Alfes, Bishop and Blank, 1963) in the green alga Microaporum guinokeanum. 
This was claimed to reaemble certain yeast glucana (.). The polyaaocharide 
was found to have 573 of 1,6-1.3ilcages and 24 of 10-linkages. It had a DP 
(degree of polymerisation) of at least 36 and contained at least three 
branch-points per molecule. It, therefore, appears to be intermediate 
between the known yeast ulucams in the relative numbers of 1 ,3-and 1,6-
linkages, and in the degree of branching. The Rhodophypaea, on the other 
hand, form floridean starch as the photosynthetic reserve polysaooharid.e. 
Floridean starch. 
This polysaeoharide merits inclusion since it has been claimed to 
be the a-g].ucan analogy of those j3-glucana which contain mixed 1,3- and 1,4.-
linkages, and which are described later in this work. Xylin (1913) observed 
that f'loridean starch was hydrolysed to maltose by a dialysed malt extract. 
A number of subsequent workers (. Cohn, 19341 Augier and du Meroo, 1956) 
analysed impure extracts, which resulted in some contradictory structural 
evidence being reported. Barry, Halsall, Hurst and Jones (1949), from 
periodate oxidation studies, proposed that florideaxi starch consisted of a 
mixture of a-1,4- and o-1,3-linked glucose residues. A methylation 
5. 
analysis (O'Colla, 1953) indicated 42 of 1,4-linkagea. On the other hand, 
it was also suggested (Fogg 1953) that the polymer contained (3-1 83-linkages 
in addition to the a-1 94-linka, and that it was a hybrid of ordinary starch 
and the 9-10-glucan ]aminarin. Fleming, Hirst and Manners (1956) could 
find no evidence for 10-linkages in the polysacohar.;de by periodate 
oxidation or by enzymic studies. 	A starch or glyoogen-like structure 
containing cz-1 ,4-linkages and 1,6-branch-points was suggested. This 
observation was supported by the similar reactions of floridean and ordinary 
starches with the anthrone reagent (Seifter, Dayton, Novic and Muntwyler, 
1950), their iodine reactions, and their susceptibility to amylase degradation 
(Meeuse and Kreger, 195k. I Meeuse, Andries and Wood, 1960). The presence 
of a Rms11  1poportion of a-1.3-linkages was unambiguously demonstrated by Peat, 
Turvey and Evans (1957, 1959 a,b) who isolated ndgerose from a partial acid 
hyd.rolysate. Floridean starch is, therefore, a predominantly a-1,4-glucan 
containing a-1 1,6-branch-points and a small proportion of inter-residue 
a.-l.3-linkages, 
In contrast to the starch-type food storage products of the green 
algae and higher plants, a great many of the other algae synthesise 
linked polysaccharides. 
Laminarin. 
This (3 93-g1ucan occurs widely in the PhaeoDhyae, together with 
mannitol. The investigations which have been carried out on leminarin have 
been described elsewhere in this work. ManrLttOl has been identified as a. 
component sugar of this glucan, and a possible metabolic pathway of the 
6 . 
former has been proposed by Quillet (1954,1957): 
hydrolysis 	 reduction 
].aminarin 	 y glucose 	> fructose 	> mannitol 
rainy1on. 
This glucan was first isolated by Gottlieb (1850). It is a 
reserve polysaccharide typical of the uni-cellular flagellates of the 
Euglenophyoaea. It is hydrolysed to glucose (Haberinann, 1874) but does not 
stain with iodine. Paramylon from L'uglena viridia, E. geniculata, E.saiguinea, 
and Astaaia ooellata was shown (Kreger and Meeuse, 1952) to be a (3-1,3-linked 
glucan by comparison of the x-ray diffraction patterns with those of laminarin 
and yeast glucan. Some difference was observed between the Astasia species 
and the other Eug].erphyoaea. The structure of the paramylon from E.gradllie 
was elucidated, by Clarke and Stone (1960). Partial acid hydro1yia 
produced only the aminari-o1igo saccharides. Infrared spectroscopy confirmed 
the (3-.00nfiguration. Periodate oxidation analysis suppor-bed the presence of 
3.-substituted glucose residues and indicated a BP of at least 150. The 
paramy].on (B 	80) extracted from Peranema trichoDhorum was likewise shown 
to be of similar nature (Cunningham, Manners and Ryley, 1962), and that from 
Aataaja ooeflata was also demonstrated to be a (3-1,3-linked gluoan. In the 
latter case the PP was .ca 55 (Stark, 1964). Paramylon was also found in the 
colourless flagellate, Astasia longa (Picciolo, 1963). 
Leuoosin (Chryaolaminarin). 
Some diatoms, and many members of the Chlorophycaea synthesise a 
-1 ,3-glucan known as leuooain, which was compared to ].aminarin (won Stoaoh, 
1951) by virtue of the similar solubilities and staining powers of the two 
7 . 
polymers. Subsequent studies have, however, shown that, if anything, it 
bears a closer resemblance to parar1on than to laminarin. Pringshe 
(1952) studiel the leuooein synthesised by the diatom Ochromonas maihamenais, 
and observed that the autolysis of the cells by the application of moderate 
heat liberated a reducing sugar. Quillet (1955) suggested that the 	of 
leuoosin was at least 8 and almost certainly higher. Further investigations 
of leuooain from Oohroznonas maihamensia (Archibald, Manners and Ryley, 1958) 
indicated that the polysacoliaricle consisted of 36 to 40 hexose residues. 
The majority of the molecule was composed of P-1,93-linked glucose residues, 
but periodate over-oxidation measurements indicated a small proportion of 
other linkages. Beattie, Hurst and Percival (1961) examined a sample of 
crystalline leucoain derived from a mixture of Chrysophyoaea diatoms. 
Mothylation studies revealed a proportion of 1,6-linkages in the molecules. 
The ratio of 1,3- to 1 96-linkages was calculated to be 11 : 1. It was 
suggested that these represented a small degree of branching since the VF 
of this sample was ca 20. A re-examination (Archib ald, Cunningham, Manners, 
Stark and Ryley, 1963) of purified leuco sin from Oohrontonae maihamensis by 
poriodate oxidation indicated a 3P of 34, and a proportion of one 1,6-
gluoosidio linkage per 12-13 residues was confirmed, These were shown to 
occur as inter-chain rather than inter-residue linkages by the stability of 
the molecule to the Smith degradation procedure (Smith and Montgomery, 1959) 
a technique which cleaves 1 3,6-inter-residue linkages, but leaves 1,6-
branched molecules intact. 
Lichens. 
Lichens are the result o a symbiotic relationship between green 
8 . 
or blue-green algae and fungi. There is no evidence that each species of 
lichen fungus has its own algal "partner". Father, it appears as if the 
algal phyoobiont may at times be an unwilling victim of a fungal parasite. 
The symbiotic relationship was pzew'e by Quispel ( 1943-1945) who 
propounded that a mutual exchange of metabolites occurred between the organisms, 
but disciples of the parasitic concept stress that the algal phyoobiont can 
exist normally as a free-living autonomous entity. Many of those lichen 
associations have been shown to produce carbohydrates, although it has not 
yet been satisfactorily established whether these are synthesised by the algae 
or by the fungi. Since separate algae and fungi are both capable of producing 
polysaccharides,, there appears to be no reason why they should not both retain 
this ability when i4 symbotio relationship. One such polysaccharide is 
lichenin. 
Lichenin, which is composed of P-1 0- and P-1,,4--linked glucose 
residues, is found in Cetraria islandica (Iceland Moss). It rtaemblea the 
glucans isolated from germinating oat and barley seeds. Cetraria islandica 
also yields an analogous or-linked polysaocharide which has been named i 3oliohenin 
and contains both a-1,3-. and a-1,4-linked glucose residues. These glucans 
are reviewed later in this work. 
Solerotia3. A-luoans. 
Many fungi, particularly of the Basid.iomyoetes and Asooxnyoetes 
genera synthesise reserve polyaaooharidea which are contained in storage 
organs known as aclerotia,Qria cocoa, one such member of the Baaidiomyoete 
species, (this is a family which produces very large scierotia) produces a 
9 . 
gluoan called pachyman, which 000upies up to 93% of the 8OlerOtia (Taked.a, 
1934.) • Acid hydrolysis yielded only gluceee xethylation studies lead 
Takoda (1936) to propose a linear structure of -10-1inked. residues. 
This was confirmed by Warsi and Whelan (1957) who identified the products of 
partial acid hydrolysis of paohymen, and also subjected this glucan to 
methylat ion and periodate oxidation analyses. Poria cocoa gives an intense 
blue stain with aniline blue fluoroohrome. Aniline blue staining material 
has also been found in a number of other fungi (e.g. Mangin, 1890; 
Lsohrich, 1961) implying that these may also contain (3-1,3-gluoans. These 
suggestions have not been further investigated. 
The aclerotial polysaccharides of some of the Asccinycetes fungal 
species have, however, been examined. Kitahara and Takeuchi (1960) isolated 
a ;ater insoluble (3-1 93-gluoan from the aclerotia of So].erotinia libertiana 
which was named kinkaku gluoan. The products of partial acid hydrolysis 
and of a methylation analysis suggested that the gluoan consisted of 
(3-1 0,3-linked, glucose residues with 1,6-branch-points. This was later (1965) 
confirmed by these workers who determined a main chain-length of 7 - 8 (3-1,3- 
glucose units by acetolysis. The 37 was c A 10 by freezing point depression. 
Structural Polysaccharides. 
Cell I"-all Polysacoharid,es, 
Although cellulose is the main structural polyaaccharide found in 
cell walls, (3-1 ,3-gluoans have also been identified as fulfilling this role 
in diverse organisms. 
10. 
Yeast gluosna. 
Gluoans oontaining mixtures of (3-1,3- and (3-1,6'-linkages have 
been found in the cell walls of a number of yeasts, but the considerable 
technical difficulties of extracting these carbohydrates, in an undegraded 
form, from associated polyaacoharidea has limited detailed structural analysis 
to that found in Sac charomyoea oereviaeae, A preponderance of (3-1 03-linked 
glucose residues was established by Zeobmeister and Toth (1934). The 
was found to lie between 28 (Barry and Dillon, 1943) and 4.0 (Hassid,, Joslyn 
and McCready,, 1941) although it is conceivable that these figures were 
obtained from degraded glucan. Bell and Northoote (1950), from metbylation 
studies, claimed that the glucon consisted of chains of approximately nine 
1 9 3-linked residues interconnected by 1,2-linkages, The presence of the 
latter feature was, however, reputed (Peat, Whelan and Edwards,, 1958: Peat, 
Purvey and Evans, 1958). Instead, a linear structure of as 90% (3-10-linkages 
and 10% (3-1,6-linkages was postulated, with note b1:cka of adjacent 1,6-
links in the molecule. 
Whereas the gluoan from the Saooharomyoea yeast was insoluble 
6 
in hot/alkali, an alkali-soluble yeast gluoan was isolated from Candida 
albicana (Bishop, Blank and Gardner, 1960). This polyaaocharide contained 
a much higher proportion (72%) of 1,6-linkages, the remainder of the residues 
again being (3-1 93-linked. Reviews of these, other incompletely oharacterised 
yeast glucans, and a number of f3-1 93-gluoans reported to have been found in 
the cell walls of Aspergillus r4ger (fcoae) and other filamentous fungi, 
have been contributed by Clarke and Stone (1963), and Phaff (1963). 
Callue. 
',rile linear polnaccharide, wLich is found in •rape vines, consists 
mainly of-1,3-1inked glucose residues, with a small proportion (2 of 
uronic acid residues (Asoinall and Kessler, 1957). 	It is now known to be 
widely distributed in the cell walls of other higher plant tissues and of 
certain Siphonaceous green algae such as the C.ulerDa soecies (Eachrich, 
19561 Currier,  1957). These algae contain a large proportion of xylan 
with aiproximately 10 glucan. 	It has been sugg ested (Lac:ie and rercival 
1959) that the polysaccharide 'thich was left, after the extraction of the 
xylan from Caulerpa filiformis was in the form of ap-1,3-glucan similar 
to callose. 
Further investigations on the fine structures of a number of these 




11 	eduotipn at Cebohyraf,. 
The reduction of aldoses to the oorreeponding alcohols was 
accomplished by the addition of potassium borohydride 	i) to a 
solution or suspension (. 21 of the sugar in water (Abde14kher, Hamilton 
and Smith, 1951), After shaking at room temperature for approximately 
24 hre the exoess boroIydride was destroyed by neutralisation with acetic or 
hydrochloric acid. If not removed, the borohydrids has been shown (Briggs, 
Garner, Montgomery and Smith,, 1956) to interfere with subsequent estimations. 
2. 	Pø-iozd.satip. 
Jamplea requiring to be do-ionised,, e.g. as a preliminary to paper 
ohratographio analysis were dissolved in water and passed through a column 
of mixed Mberlit IR 120 (R) and Aer1ite ZR 45 (cf) ion exchange resins. 
The alternative technique of stirring the Ionised solution with mixed resins 
was not employed, since 1osmsn, Abel.s and Dorfman (1952) have shown that 
reducing augers may be partially retained. 
30 	Dzixg of Splep, 
For quantitative experiments, samples were dried to constant 
weiiht (Athr.on and Ring, 1961) , vaouo at 610  for several hours in a pistol 
drier assembly, the temperature being controlled by boiling chiozofore. 
When pure dry solvents are required, these were treated according to Vogel 
(1956). 
49 	Lvaporatna, 
AU evaporations were conducted in a rotary 'ila evaporator under 
13. 
reduced pressure at a bath temperature not exceeding 40° , unless otherwise 
stated. 
l4yop)4l4øation. 
8011d oaxbohyxite aat.rial was isolated from highly concentrated 
aqueous solutions by IyepMl 4 aation under d# VaCina in a cold finger frees." 
drying assembly, the frse.ing mixture employed being aoeto,/solid carbon 
A4 GZJ As, 
Acid Uisis. 
Total acid )'dro1yaia of polysaoobazide material was achieved lls4ltg 
2 N-sulphuric said at 1000  for  hr. With thee* conditions, end solutions 
oont.i'ttr€ less than 1% oarb&'dz'st material, the formation at acid reversion 
products such vs ge4ice. and i.c.*l toes (Thompson, Anso, Wolfram and Anatom., 
19514 Feat s Whelan, Edwarts and Owen, 1958) was kept below a level at which it 
would interfere with subsequent ohr in, atograp}q or analyses for reducing power 
(Pirt and Whelan, 1951)9 Hethylated or Insoluble polyssoeharides were first 
treated with 90% formic soid at 100° for 1 hr. to ziWWIae demetJi3.atjon or 
degradation (Croon, Hatr., Kull and LtrTherg, 1960). The formic acid was 
then rsmuvsd by repeatedly evaporating the hydro.ayuts to dryness and re-
dissolving the residue in water. The formyl eaters were finally hydrolysed as 
hater. with 2 If-sulphuric acid. 
Partial acid hydrolysis of polysacoharidee was affected by heating 
them with 0.33 or 0,45 N-sulphuric acid at 1000 for 1 hr. 
(0) 	 i(ild said hydrolysis, which cleaves sootal 1'*i4gss but sot 
glyoosidio linkages (Goldstein, Hay, Lewis and Smith, 1963) was performed ith 
095 N-hydrochloric or sulpsrio acid at room temperature for jUL 20 hr. 
The hydrolysates were generally soutrsliaed with barium carbonate. 
14.. 
Warming of the neutralised hydrolysate was found to assist the coagulation 
of the barium salts before removal by centrifugation. 
7. 	Paper Chromatography. 
Qualitative paper chromatography was carried out on Whatman 
No. 1 paper using the descending technique. At times, multiple development, 
as proposed by Jeanea, Wise and Diinler (1951) and expanded by Theme (1963), 
was employed to improve the resolution of components of similar chromatographic 
mobilities. 
Quantitative paper chromatography was performed on Whatman 3 MM 
paper, guide -strips being cut out and sprayed to determine the positions 
of the separated components (Flood, Hirst and Jones, 1948)9 Bands 
oorreeponding to these components were then out out, and the retained 
carbohydrate material was eluted using the method of Laidlaw and Reid (1950), 
whereby the strip was suspended from glass rods, and water was applied via 
a capillary dropping tube. Most of the carbohydrate material was thus 
eluted with the first few drops of water to drip from the paper. It was 
necessary to wash the 3 U U papers with water and dry before use. During 
one experiment in which this precaution was not observed, a high concentration 
of background material from the paper was developed on -, praying the guide 
strips, and subsequent elution of the components also removed a large 
quantity of contaminating oligoaaocharid.es from the paper. 
Chromatographic Solvents. 
The following solvent systems were most extensively used: 
CompoBition "V/v) 
Composition (v/v) 
Ethyl acetate/pyridine/water (Whistler, 1953). 	 10/4/3 
n-Butaz]/pyridin/water (Jeanea,Wiae and Dimler, 1951). 	6/4/3 
Ethyl aoetat/aoetio acid/formic acid. (903)/water. 
(Hurst and Jones, 1955). 
Methyl ethyl ketone/acetic acid/water-saturated. with 	9/3/1 
boric acid (Roes and Reynolds, 1958). 
rt-Butano]/ethano]/water - top layer (Partridge, 194.6). 
Methyl ethyl ketone/water, 	 10/1 
Methyl ethyl ketone/water/ammonia (0988). 	 200/17/1 
Use was also made of a solvent system consisting of pyridine/ ethyl acetate/ 
acetic acid/water = 1 /13 in the trough, and pyridine/ethyl acetate/ 
water = 1)/4o/6 in the tank, the latter composition being that of the 
theoretical equilibrium eventually achieved by the solvent in the trough. 
(Fischer and t*rfel, 1955)0 Solvents are hereafter referrea to by their 
volumetric compositions. 
Chromatographic Spray Reagents. 
Aniline hydrogen phthalate (Partridge, 199 a). 
This reagent is useful as it develops only reducing sugars, 
and produces a range of colours from deep red for methylated sugars, 
through pink for pentoses, to brown for hexosea and green for aldorilo 
acids. After spraying, the chromatograms were heated at 100 0 for 10 sin. 
Aniline oxalate (Partridge, 1949 b). 
This reagent has the same specificity and colour characteristics 
as a), and the development procedure is identical. It has the advantage 
of being more convenient to prepare and store. 
15. 
16. 
o) Silver nitrate (Treve]yan, Procter sad Harrison, 1950). 
This reagent is more sensitive than the preceding two. It 
develops al1 carbohydrate material, and has the advantage of being useful 
as an over-spray after preliminary development of reducing sugars with 
one of the aniline reagents. The chromatograms were first dipped in a 
solution of saturated silver nitrate (1 ml) in acetone (200 ni), water 
having been added dropwise to redissolve the initial precipitate. 
After drying, the papers war, sprayed with a freshly prepared solution of 
10 N- sodium hydroxide (bc) in methylated spirits. The best results 
wes obtained by applying moist heat (e.g. over a boiling water bath) 
for a tow minutes, before dipping thu cbz'cznatogreaa in saturated sodium 
thiosuiphate (Dedondar, 1952) and washing with water, 
a) Periodat/permanganate (Lemieux and Bauer, 1954). 
This reagent was prepared by mixing aqueous sodium periodate 
(4 parts) and l aqueous potassium permanganate (1 part) immediately 
before use. 
With all the spray reagents employed, the developed components 
tended to fade on prolonged exposure to light. Chromatograms which wore 




The techniques of periodate oxidation have been widely applied to 
the elucidation of carbohydrate structures since V.1*prade (1928) 
discovered its action on ocspouads containing s-diol groups. Bobbitt 
(1956) and Dyer (1956) have reviewed the basic methods employed in these 
studies, AU periodate oxidations were conducted in the dark 
17. 
(Head and Hughes, 1952). The oouraea of the oxidations vore followed 
by estimation of the formaldehyde raA forrio acid rlced, and tho 
periodate reduced. 
(a) Formaldehyde release 
The use of a obrcmotropio acid reagent to estimate 
formaldehyde was originated by Boyd and Logan (1902). The formaldehyde 
released by the periodate 'idation of carbohydrates was evaluated by 
an adaption (Mao1aydon, Watkins and Anderson, 194.5) of this procedure with 
further alight modif oationa (Jfl?tIIfl, 196) • The chromotropic acid 
reagent was prepared according to the method of Frisell, MOt. oh and Mackenzie, 
L954) by slowly adding 25 14--sulphuric acid (400 ml) to & solution of the 
sodium salt of ohrcmotropio acid (1 g) in water (100 ml) • The reagent 
was stored in a dark bottle at 00. 
Suitable samples from the oerbohydrate oxidation mixture were 
treated with sodium sulphite solution (Speck and Poriat, 19%) to reduce 
the excess peziodate. PO1ySaCOhSride and inorgt.nic material was 
removed by precipitatica with ethanol (Parrish, 19 . ). . fter standing for 
24 hr at 2°, the rairbire was centrifuged. An aliquot of the supernatant 
liquor was treated with ohxuitotropio acid reagent aid heated at 1000 
for 30 mm. Thiourea solution (1risell et al., 1954) was added to remove 
the interfering red coloration produced by some of the reagents, and the 
optical density was determined at 570 rve Leagent blanks, polymer blanks, 
and standard solutions of formaldehyde were uxsined concurrently. 
A small amount of reeiAual oxopolysacoboride produced, with the 
chromotropic acid reagent, a brown "charred" coloration which interfered. 
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with ape otrophotometric measurements. Since this interference was 
variable during the course of the oxidation, repeated polymer blanks had 
to be prepared.. Annan (1964) introduced an alternative method of 
correction for this interference. The charred polysaccharide had an 
optimum optical density at 468 uji. The ratio of the extinctions of 
standard formaldehyde solutions at 468 mu arid 570 mu was approximately 1 : 2.3. 
That of the optical densities of charred polysaccharide solutions at these 
wavelengths was 7 :J+, The readings obtained for the teat solutions 
represented, therefore, the sum of these contributions. By obtaining 
exactly the formaldehyde ratio at these wavelengths from the standard formalin 
samples, and by repeatedly subtracting 0.007 from the optical density of the 
test solution at 468 mp, and 0.004. from the optical density of the test 
sample at 570 mu until this ratio was achieved, the contribution due to 
charred oxopolysacoharide was eliminated. This correction served in lieu of 
polymer blanks, and was found, by comparison with polymer blanks, to be 
accurate. A more refined calculation of this correction would have been 
to employ the simultaneous equation: 
Optical density 570 mu a CICH0 x EHCHO at 570mp4 Coiiar x"char at 570nip 
Optical density46 	
m CHCIIO 
x  EH.CHO at 46 	+ Cobar xEchar 
) 
at 570 m) 
where C a concentration and E a extinction coefficient. By substituting 
the 2.3 and 1.0 for the respective ERO  values, and 4.0 and 7.0 for the 
respective Ehar 
 values, the equation can be solved. 
(b) Formic acid release. 
The production of formic acid during periodate oxidations was 
19. 
followed by the method of Anderson, Greenwood and Hirst (1955) in which 
potentiometrjo titration against standard barium hydroxide solution to 
pH 6.25 was employed. Unreduced periodate was first removed by the 
addition of an excess of ethylene glycol. Titrations were effected in an 
atmosphere of nitrogen to prevent the formation of barium carbonate, and 
the titration vessel was placed in an ice bath to inhibit the decomposition 
of formy]. esters. 
(o) Periodate reduction. 
This was estimated by the apeotrophotometric method of Aspinal]. 
and Ferrier (1957). The optical densities of very dilute solutions were 
measured at 222.5 nie and these results compared with similar readings 
taken on the original periodate solution, and on one which had been 
completely neutralised with ethylene glycol. 
9 • 	Standard Sugar Solutions. 
Standard solutions for the calibration of analytical methods 
were prepared by dissolving the sugar in saturated benzoic acid (e.g. 4 
glucose), allowing the solution to mutarotate to equilibrium, and 
accurately estimating the concentration by polariinetry. The standard was 
then further diluted as required. 
PART I 
THE FINE STRUCTLJU OF LAMINABIN 
xwrRoDuc'rIci. 
NTkp! 
Linarin is a reserve pol.ysaooharide occurring in brown algae 
(Phaoopby'cea.) • The main structural inveatiations have been conducted 
on the 1naris aa 4eenia specie., but lrminarmn has also been detected in 
aai' other brown algae belonging to six different orders (Quillet, 1958). 
been 
I. po].yeaocharide reombling 3.aminarin has alsq( detected as a prominent 
component of fungal cell walls (Horikoalai, Koffler and Garner, 1961). 
Leniw*rin was first described by Sohmiedeborg (188!3). The none 
defines theae polysaccharides which are readily extracted from brown algae 
by hot water (Krefting and Tozip, 1910), or riore efficiently by a solution 
of an n1k1 me earth metal salt such as barium chloride (Le Gloaheo and 
Herter, 1940), or by dilute acid (Barrr, 1938; Black, 1951). Krefting and 
Torup (1910) isolated laminarin as a laevorotatory carbohydrate which did 
not stain with iodine aM which yielded only glucose on acid hydrolysis. 
It was considered to be a reserve polysacoharide since it was found only 
in winter. This observation haa been elaborated by Lunde (1937) who uxnined 
the seasonal variation of a number of constituents of L.digitatj 
Spring Autumn 
alginic said 	 30 15% 
laminarin 	 0% 20% 
mannitol 	 17% (aumier) 
fucoidin 9% 
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Black (1948 and 1950) obtained similar results for L.clouatoni, L.saccharina, 
and for a member of the Fucacene - Ascophyllum podosuni. L.cloustoni has 
since been shown (Parke, 1953) to be identical to the species T,,hyperborea. 
Haag and Jensen (1956) examined L,&iiitata harvested from Norwegian waters. 
In addition to the previously observed variation in the laminarmn content, 
a sharp drop was reported between July and August followed by an increase 
to the October maximum. 
Kylin (1915), who first observed the co-existence of laninarin, 
fucoidin and mannitol in many species of marine a1g, considered that the 
laminarin was a mixture of related subatanoe8 differing in solubility in 
water, specific rotation and molecular weight, and ranging from molecules of 
degree of polymerisation ('NP) 6, °D = -32.5 ° , to DP 17 [a]D  -13.50 
Cruzewska (1921 and 1923) examined laminarin extracted from L.flexioaulia, 
a species which was later shown (Hamel, 1931)  to be the same as L,diitata. 
She claimed to have identified galactose as a minor constituent. The 
polysaccharide "spontaneously decomposed in water" oxygen being a requirement 
of this process, and was dialyseble. It was postulated that it was 
composed of granules of varying size. Colin and I.ioard (1929) claimed a 
DP of 6-7 and an optical rotation of -61.5° , but later (1930) reported [a]a 
-11.3 °. They refuted the suggestion that galactose was present. 
Berry (1938) considered that laminarin occurred as an ethereal 
sulphate, and disagreed with the contention of Kylin (1915) that it was 
heterogeneous. It was concluded that the different rotations observed by 
this worker were produced by an unstable colloid., the rotatory power of which 
increased uniformly with dilution owing to physical deaggregation. In a 
22. 
later study, Barry (1939) retracted his statement that laminarin was sulphated, 
having shown that his previous sample had contained a wall proportion of 
contaminating fuooidin, an. impurity frequently encountered with laminarin. 
In a methylation analysis, 2 04 9 6-tri-0-inethyl--gluoose, was isolated 
and it was thereby established that the main polymeric structure consisted of 
1,3-linked -gluooae residues, Since lazninarin showed a negative rotation 
and was hydrolysed by emulsin, the linkage was deduced to be of the j3-
configuration. A spiral structure was suggested. In 1941, Barry isolated 
laminaribiose, the (3-10-glucose diaccharide, from enzymic and oxalic acid 
hydrolyaatea of laminarin. This disaccharide has since been synthosised and 
its identity with that obtained from laminarin proved (Freudenberg and Oortzen, 
1951; Bohli and Percival, 1952). Further evidence (Barry, Dillon and 
McGettrick, 1942) for the main polymeric linkage was obtained from periodate 
oxidation studies, the polyaacoharids remaining almost unreacted until over-
oxidation became appreciable, signifying that the majority of the glucose 
residues contained no 	-glycol groups and hence were substituted in the 
3-position. Furthermore, g].uooaazone was formed when the oxo-.polysaccharide 
was hydrolysed and subsequently treated with phenyihydrazine, establishing 
unequivocally that the glucose units had survived oxidation. Barry (1942) 
then attempted to establish the D of laminarin using period.ate oxidation 
techniques on the basis that a di-aldehyde oxo-polyseocharide would be formed 
which, on further oxidation with bromine, would be converted to a dicarboxylic 
acid of which the neutralisation equivalent could be determined. By this 
method a EF, of  16 was obtained, This result would be invalidated by the 
presence of linkages other than 1,3 in the molecule, but these were considered 
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to be unlikely since they had not been demonstrated by met1y1ation analysis. 
Reducing power measurements conducted on the original polysaccharide were 
inconclusive, and it was suggested that the terminal reducing group was in 
some way modified. In 1943, Barry r-examined laminar-In for additional 
types of linkage using a technique which has come to be known as the 
Barry Degradation. Laminarin was first oxidised with per-iodate and then 
treated with pherr1hydrazine acetate to produce a crystalline glyoxalosazone, 
which was formed by the cleavage of the glycosidic linkage of the non-
reducing terminal residue • The molecule could thereby be reduced by one 
glucose unit. If this process were repeated, a 1 93-2-inked. polysaccharide 
would be degraded in a step-wi so manner, whereas the presence of other 
linkages would cause a fregmention of the polymer. Again no evidence was 
found for 1,4- or 1,6inter'.residue linkages, 
Connell, first and Percival (1950) pointed out that Barry's 
calculation of the 	f laminarin, by per-iodate oxidation followed by 
bromine oxidation, was incorrect since oxidation of the reducing terminal 
residue would result in the formation of a malondiald.ehydo structure which 
would also form carboxyl groups. Recalcul ation  of Barry's results would 
give a 3P of ca 20. However, this figure is also open to question, since 
the malond.ialdehyde structure has been shown (Schwarz and MacDougall, 1956) 
to be susceptible to over-oxidation. Further determinations of the Th' 
were made using a number of techniques. Metbylation analysis gave a chain- 
length () of ca 20. Osmotic pressure and viscosity measurements indicated 
a DP of 13-25. A value of ca 15 was obtained by comparing laminar-1n acetate 
in chloroform solution, with solutions of oota-.acetyl sucrose, using the 
modification of Barger' a method (1904) employed for high polymers by Caeaa±, 
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(ruenhut and Cushing  194.7). Estimations of the formic acid released 
during ;eriodate oxidation were inconclusive due to over-oxidation, but 
calculations based on the formaldehyde produced gave a 37 of 27. In 
contrast to these figures, reducing power determinations indicated that 
only one aldehydo.'unit was present in a polymeric structure of 40 residues, 
and bromine oxidation of this reducing group followed by determination of 
the equivalent weight of the derived acid gave a figure of 1 in 1.8. It was 
therefore, concluded that, although niethylation studies provided no 
evidence for branching in L.hyperborea laminar-1n, some other structural 
feature was present to complicate the polysaccharide. 
Although a considerable amount of contradictory evidence existed 
concerning the physical propertIes of laminarin (e.g. Krefting and Torup, 1910; 
Barry, 1912), the first definite classification of this polysaccharide into 
insoluble and soluble forms was made by Percival and Roan (1951). Insoluble 
leminarin, e.g. from L. byperborea, is soluble in hot water but retrogrades 
from solution on standing at room temperature for 2 to 4. days. Solubla 
leminarin, e.g. from . &tgitatg and L.sacchnrina, requires the addition of 
ethanol to effect precipitation from aqueous solution. Percival and Ross 
attempted to establish a structural dissimilarity to account for this 
difference. However, neither X-ray powder photography, nor the specific 
rotations of methylated and acetylated derivatives, demonstrated any 
significant physical difference. Methylation analysis of soluble laminar-In 
from k, diitata provided a figure of 20 for the chain-length, whereas a rP 
of only 10-17 was obtained using the method of Caesar et al (194.7). Periodate 
oxidation of soluble laminarin produced slightly more formic acid in comparison 
25. 
with the insoluble species, but this result was inconclusive because of the 
doubtful nature of the reducing terminal residue. The formaldehyde released 
was equivalent to a FF of 30, a slightly higher figure than that obtained 
for L, hyperborea laminarin (Conrtell et al, 1950). A considerable variance 
was however exhibited by reducing power measurements with hypoiodite, not-
withstanding the questionable nature of the reducing terminal residues 
occasioned by the anomalous results previously obtained from red.uoing power 
measurements (e.g. Barry, 1942), A 3P of 112 was obtained for soluble 
laminarin, in contrast to 45 for the insoluble species. The molecular 
weight of soluble laminarin was again found to be approximately twice that 
of insoluble laminarin, using the alkaline 3,5-d.initrosauicylate technique 
of Meyer, Noelting and Bernfeld (1948). This technique is now known to be 
of doubtful value since it involved heating the polysaccharide with moderate 
concentrations of alkali; a process which degrades many polysaccharides, 
particularly those containing 10-glucosidic linkages. The nature of the 
difference between the soluble and insoluble forms was therefore unresolved. 
Peat, Whelan and Lawley (1953) examined the products of a large-
scale partial acid hydrolysis of insoluble laminarin. The disaccharide 
fraction contained, in addition to lmlinaribiose, a small proportion of 
gentiobiose and a component which was, at first, thought to be (3p-trehalose. 
Pive different oligo saccharides were present in the tn sac charide fraction; 
laminaritnioae; a crystalline non-reducing sugar which was claimed to 
produce, on further partial hydrolysis, laininanibiose and 3-trehalose; and 
three other tnisacohanidee which yielded laminaribiose and gentiobiosa on 
further hydrolysis. Since gentiobiose was present in quantities which 
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were too great to be explained by acid reversion alone, these iorkere 
sugested that it had arisen from the hydrolysis of linkages adjacent to 
1,,6-branch-points. 
Barry, McCormick and Mitchell (195k) estimated the DP of 1RJTtI-nRrifl 
by implementing a condensation reaction which occurs between niootin-
hydrazid.e (isoniazid) and periodate oxidised ct-glyool groups. Assuming that 
1 mole of isoniazid reagent condensed with each pair of potential aldehyde 
groups, and that this condensation occuned only at the non-reducing end of 
the laininarin, a i of 16 was deduced. However, these assumptions have since 
been questioned, since Coibran, Guthrie and Parsons (1960) examined the 
condensation products obtained with this and other reagents, and the model 
compound produced by the periodate oxidation of inethy1-,6--1enzylidene-
cz'D-g1ucoaide. These workers found that an equilibrium existed between the 
dialdehyde and hemialdol ±oxins, so that a proportion of the product would 
be composed of the dialdehyde bia-isoniootinoylhydrazone. 
/• 	 / 
0H cH 	CH 
"I 	 II 
NcHOH N 	N 
R 	 It 	R 
liemia]4o1, postulated by Barry at al. 	dialdehyde demonstrated by Coibran 
et al. 
In an attempt to correlate the solubility characteristics of the 
different ceciea of laminarin with their DPa, Friedlaender, Cook and Martin 
(194) estimated the molecular weights of soluble end iiisoluble laminarin, 
and .2so of partially methylated samples, using measurements based on 
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sedimentation, diffusion and viscosity coefficients. Soluble laminarin 
was found to have a N of 32 in comparison to a NP of 21 for the insoluble 
species, a difference which was concluded to be too small to be significant. 
Lower molecular weights were obtained for the partially methylated samples, 
indicating that some degradation had occurred. This is hardly surprising, 
since Corbett and Kenner (1953) had shown that laminarin was susceptible 
to alkaline degradation, and therefore the use of dimethyl sulphate and 
alkali to methylate the polysaccharide might also be expected to reduce the 
size of the molecule. Corbett and Kenner (1955) continued their alkaline 
degradation studies on laminarin, and reported that this reaction involved 
a continuous series of at Tug 
water (c') n - 	- 	n-1 - G + D - glucometasacoharinic 
acid. 
The X!eaotion ceased after oa 	conversion to the saccharinio acid due to 
some inhibitive feature in the chain. This feature was not, however, 
associated with any udifibation of the terminal reducing group as 
suggested by the reducing power measurements effected by earlier vrkere, 
but rather 1,6-branch-points were invoked, and it was pointed out that, 
since one requirement of their method was a terminal aldehyde group to a 
chain of 1,3-linked residues, then the (33-trehalose reported. by Peat et al 
(1953) could not be a structural member of such a molecule. 
Peat and his co-workers (1955) were, however, able to show that the 
3-trehalose which they had previously described from a partial hydro].yaate 
of insoluble laminarin was, in fact, l-O--glucosylmaxmitol, a dissacharide 
which had been isolated from brown algae by Lindberg (1953) and which he had 
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synthesised.. Peat at a.1 were also able to identify mannitol in the moz-
ae.ocharide fraction of their hydro]ysate. A  ratio of inarmitol to glucose 
of 1 : 57 in inc1.if1e leminarin and 3. : 37 in soluble lcminarin was reported. 
Pact, "hulan, icLwiey nd vans (1955)  subsequently identified the non-reducing 
trisacoharide from their original hydrolysate as 1--1aminaribiosyl-mannito1 
which was synthesised.. Whereas this trisacoharide accounted for 1.1 g of 
the hydrolysate, 1,6-di--(3.'gluooayl-mannitol, which was also identified, 
accounted for only 40 ng, and could, therefore, be attributed to acid 
reversion. It, therefore, seemed apparent that a proportion of the mole-
cules of lazninarin were terminated, by 1-substituted marinitol residues, and 
not by aldehydo-residues. This wclaiied the anomalous results obtained 
by previous workers using methods requiring the presence of a terminal 
reducing group on every molecule (e.g. Barry, 1942; Corbett and Kenner, 
1955). It is of interest that in addition to rannnitol, Lindberg and 
Paju (1954.) also found D-volemitol, a C7-alcohol, in Pelvetia canaliculata. 
Lindberg (1956) suggested that, since this alga was found on the high-water 
line, and was, therefore, underwater for only short periods, the alcohol 
mixture was possibly present to prevent cryotallisation and preserve the 
water. Both l0-91ucosy1-iannitol and 1-0- and 7--gJ.uoosy1- v'olemitol 
were also found in this species. It is worth noting that, although this 
seaweed is known to contain a email proportion of Laminarin, there has been 
no report to date of volemitol as a constituent of the polysaccharide from 
this species. 
A further method (Scheurer and Smith, 1955) for the determination 
29. 
of the molecular weights of po].yaacoharidea, which involved the preparation 
of the oyanohydrin derivative and the subsequent determination of ammonia 
by a oolorimetrio method, gave a i5P of .oa 20 for laminarin, which was in 
approximate agreement with most of the values previously obtained, but not 
with the results of Broatch and Greenwood. (1956) who analysed fractionated., 
metby].ated, lime-treated ].aminarin by the isothermal distillation method. 
Values of 58 -65 were obtained for the TP. End-group analyses of these 
samples showed chain-lengt1 of 20, indicating that some complexity occurred 
in the chains. However, the presence of some 70% of the laininarin as such 
high molecular weight material implies that a significant proportion of the 
molecules in unfractionated samples should have 7Ps of considerably less than 
10. Such large oligo saccharides have not been separated from und' 
graded laminarin. 
Periodate over-oxidation studies on insoluble laminarin (Hough 
and Perry, 1956) revealed a. formaldehyde production of ca 0.48 mole per 
axihydro-hexose unit, suggesting that a 1,6-linkage occuned neat the middle 
of the molecule. Anderson, Hirst and Manners (1957) calculated the 
relative proportions of the mannitol- terminated and glucose-terminated 
chains (M- and C-chains) in soluble and insoluble Laminarin, on the basis 
that the reducing groups produced 1 mole formaldehyde before, and 2 mole 
after borohydride reduction, whereas mannitol residues released. 1 mole 
constantly, in soluble laminar-In,, ca 70o of the molecules were calculated 
to consist of M-chaina, and both the DP and CL were approximately 19, whereas 
insoluble lPm4nArin produced formaldehyde consistent with a structure 
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containing 4.6% U-chains. The 	of the lattepeoiee was ca 24, calculated 
from the nitrogen content of the jniazid derivative. It was concluded 
that the difference between the forms was occasioned by the variation in 
mannitol content, and not by the DP, a contention which was supported by 
the lower reducing power exhibited by the soluble form. It was pointed 
out that over-oxidation would not degrade the M-chains because of the 
formation of a periodate -stable terminating groups 
R - 0 - cH2 - GHO 
Hough and Perry' a (1956) over-oxidation figure of 48% was not,therefore, 
due to inter-residue 1,6-linkages, but rather to the U-chains, and this 
observation was in close agreement to the proportion of 14-chains (6) 
calculated by Anderson at al for insoluble laminarin. It followed that if 
1,6-inter-residue linkages did occur in this species, they were confined to 
the per-iodate resistant M-chaine. Uain similar techniques, Unrau and 
Smith (1957) found 30% U-chains and a 	of 17 for an unspecified (but 
presumably insoluble) species of laminarin. recalculation of the DI  
obtained by the cyanohydrin method (Scheurer and Smith, 1955), to allow 
for the um'eacted. 9-chains,, also gave a value of 17. Glass paper eleotro-
phoresis (Lewis and Smith, 11957) demonstrated that two components were 
indeed present in both forms of lm1-ni-rin, but only one component could be 
exhibited after borohydride reduction. 
Peat ,Whelan and Lawley (1957) reported that insoluble laminarin 
contained 1.7% mannitol and soluble laminarin 2.7% mannitol, in general 
agreement with the preceding conclusions. 	These workers (1958 a reported 
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full details at their previous studies on partial acid Idro1yaatea of 
iminarin, and described the oharsoterisation of the main 11 nri 
o1losacoharidea trcn the soluble and insoluble forms, before proceeding 
(1958 b) to an examination of the loss dominant components with a view to 
establishing the ailx)r structural features of the polysaccharide, 	. 
soluble laminarin (137 g) yielded innnitol which was separated from glucose 
by yeast fermentation. (].uooayl-mannitol and 1minrribioay1mannito1 
were also identified, indicating that 1-0-substituted aannitol residues 
were present in the original polymer. There was also a little 1,6-di.. 
.g1uooay1iu.taan nito1 (40 mg), but this was not further examined since the 
yield could have resulted from acid rsvtrsion (Thompson, Innc, Woifrom and 
Owen, 195k) • A trace of fuooae from contaminating tuooidin was found. 
Gentiobiose was isolated, and this was considered to be structurally significant, 
since the yield (0.26) was considerably higher than that (o.Oi) which had 
been previously found (Peat, Whelan, Edwards and Owen, 1958) to be attributable 
to acid reversion under partial acid hydrolysis conditions. These experiments, 
conducted on glucose, had donatrated that the main reversion products were 
1 ,6-.a drou.3_gmu.gluooae, iacm'Tttose and gentiobiose, although it had been 
pointed out that these might have been increased and diversified had the 
experiments been conducted on polyaaoobaride rather than glucose. Insoluble 
laminarin also produced some 3--3-gentiobioayl--gluoose and 
1ii'ninRribiosylg1ucose. It was suggested that these results wee 
symtmatio of a =03 proportion of 1 ,6"inter-reaidu. linkages or 1.6-branch- 
points,,  although the latter alternative was less likely since no 961udi.-01 - 
Figure 1. 
The partial acid Idro1yais products of laminar±n. 
laminarib lose 	 6--1aminaribioey1-'gluooae 
gentiobiose 	 glucosyl-mannito]. 
- 3G 1-3 Gi -3 G1 - 3G 1-6 G: 1 - 3'G,1 -3  G 1 - 6 , G'i - 3'G 1 1 M 
laminaritrioae 
3.-0'genti0biosyl-glucose 	1-0-lazninarib ioayl-mannitol 
glucose residue. 	 = inanriitol residue. 
This type of structure for the mannito].-terminated chains of laminarin 
was suggested. by Peat, Whelan and tawley (1958b) on the basis oi the produota 
detected after partial acid bydzvlysia. 
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gluoosyl-D-g].uooee had been found.. Soluble lRm{nArifl was studied in less 
detail and gave substantially similar results although the minor structural 
features such as mannitol and 1,6-linkages were rather more prominent. The 
minor trisacoharidee from the soluble species were not examined in detail. 
The structure depicted in Fig. 1 was postulated for lamirurin, since this 
satisfied the requirements of the partial acid hydrolysate analyses. These 
oligosacoharidea were subsequently synthesized (Peat, Whelan and Evans, 1960) 
and identified with those isolated from the partial acid. hydrolyses. 
The existence of inter-residue 1,6-linkages was, however, doubted 
by Hirst, O'Donnell and Percival (1958), wince no dialysable material could 
be found after the repeated Barry degradation of insoluble laminarin, a 
process which should have fragmented the polysaocharide at the sites of such 
linkages. It was, therefore, stated that the 1,6-linkages were present as 
branch-points, and hence would have survived the degradation procedure. 
Anderson, Hurst, Manners and Ross (1958) further examined the fine structure 
of insoluble laminarin. Using periodate oxidation techniques, the formal-
dehyde produced at 20  from mannitol residues alone, that released at room 
temperature which corresponded to the total primary oxidation and produced 1 
mole from both U- and G-ohains, and the formaldehyde released from borohydride-
reduced laminarin which formed 2 mole from the G - chains and 1 mole from the 
U - chains, was measured. The formic acid produced at room temperature was 
also estimated, from which the ff of the molecules could be calculated, the 
contribution due to the mannitol residues having already been established. 
The CL was also deduced from methylation studies. The insoluble laminarin 
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had a 	of 24, and a E of 23 (by both methods). It contained 1.9$ 
rnannito3. in 4.6% IL-chains, and had one reducing group per 45 residues. It 
was considered that the agreement between the 7E and TP was fortuitous in 
view of the high molecular weight (N = 58 - 65) reported by Broatch and 
Greenwood (1956). Accepting the latter result, a degree of branching of 
2 was surmised. Finally, a comparison was made between the number of 
triol groups obtained from periodate oxidation and methylation studies. 
Both analyses gave the same result, whereas, had 1 1,6-inter-residue linkages 
been present, the proportion of triol/ groups from periodate oxidation would 
have exceeded those found from the methylation analysis. Furthermore, no 
2 ,3,4.-tri-O-methy].-D-glucoee was identified in the hyd.rolysate of the 
methylated sample. It was, therefore, concluded that all the 1,6..linkagea 
in insoluble laminarin were present as branch-points. 
Although laminarin had been shown to contain both mannitol-
terminated chains and glucose-terminated chains, and two components had been 
shown qualitatively by glass paper electrophoresis, these components had never 
been quantitatively separated and individually analysed. Such an achievement 
was reported by Goldstein, Smith and Unrau (1959). Bromine oxidation converted 
the IL- and C.- chains (which they termed laminaritol and 1em1-nse respectively) 
to a mixture of laminaritol and laminar-lc acid. The laninaric acid was 
separated on an anion-exchange column and was found to have a neutralisation 
equivalent corresponding to a DP of 15. The formaldehyde release on periodate 
oxidation indicated a 	of 17. Hydrolysis of the lamina±itol followed by 
conversion of the reducing sugars to the corresponding acids by aeration in 
hot alkaline solution, and removal of the acids by anion-exchange resins, 
yielded mannitol (3.2) corresponding to a DP of 31. 	The formaldehyde 
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A. - periodate oxidation followed ly borohydrida reduction. 
Be - complete acid hydrolysis, 
C. - mild acid hydrolysis. 	(A + C • Smith degradation.) 
release on per-iodate oxidation from the lAmiflRl'itol was equivalent to a DP 
of 28. 
These workers then attempted to establish the linkage of the 
mrmjto1 to the rest of the laminaritol molecule. It was pointed out that, 
if the inannito]. residue was substituted in the 1 - position alone, it should, 
on application of the sequence of reactions - periodate oxidation, borobydride 
reduction and complete acid hydrolysis, yield ethylene glycol (Fig. 2). 
It was, however, reported that insoluble laminarin did not yield ethylene 
glycol by this method, but only glucose from 10-di-aubstituted glucose 
residues (Fig.4), arabitol from terminal reducing 3-aub3tituted glucose 
residues (Fig.)), and glycerol from non-reducing terminal residues (Fig.3) 
and from 1,6-di-substituted glucose residues (Fig.). It was proposed that 
the marmitol residues were di-substituted in the 1,2-positions, as this was 
the only structure that would yield the above products. The glycerol: 
glucose ratio of 1 : 7 was lower than expected. The theoretical ratios 
from 14- and Gcliaina, calculated on the basis that there were no 1,6-linkages 
present, were 1 : 9 and 1 : 34 respectively, so that the ratio derived from 
laxninarin as a whole should lie between these values. It was oonoLed, 
that 1,6-inter-residue linkages were present in the lm(nsin, although the 
sdditiona1 glycerol could equally have been produced from the relatively 
higher proportion of non-reducing terminal residues which would be present 
in a branched structure. It was suggested that, since the DP of the 14-
chains was appa-iznate].y twice that of the G-chains, the latter could be 
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artefacts obtained from the M-chains by inadvertent hydrolysis during 
extraction. 
Smith and unrau (1959 a) oxidized laminario acid with period.ate, 
reduced the axo-'polyeaocharide with borohydride, and subjected the 
resulting polyaloohol to mi acid hydrolysis - a process which should 
hydrolyze acetal linkages but leave glyooaidio linkages intact. This pro-
cedure has become kz))wri as the Smith degradation. It leaves 1,3.-linked 
residues intact, but cleaves the polysaccharide molecule at the sites of 
1,6.-inter'.u'residue linkages (Fig.). It was reported that the leminario 
acid was degraded, and that 1,6-linkages, therefore, occurred in the main 
chains of the polymer. Similar results were claimed from M-ohain material. 
It was also reported that manxae had been identified by paper 
chromatographic analysis of both laminaritol and lazninario acid in the ratio 
of glucose : mannese = 7 1. This  was the first description in the 
literature of mannese as a component sugar of laminarin. Marmose was also 
detected as the methyl.a-mannopyramoaide by the acid hydrolysis of insoluble 
laminarin with Na-hydrochloric acid at 1000  for 12 hr., followed by evaporation 
to dryness without neutralisation, and treatment of the residue with 2% 
methanolic hydrogen chloride. It may be significant that the samples of 
laininarin used had been purified by passing them, in aqueous solution, very 
slowly through acidic and basic ion-exchange resins, since the U- and Ga- 
 
- 
____ in which mamae had been detected, had also been in prolonged contact 
with ion-exchange resins. 
Smith and Unrau (1959 b) then further investigated the problem of 
(b) 
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the sites of the 1,6-linkages in insoluble J.aminarin, on the basis 
(Piga.2,3 and 4.) that the Smith degradation of U-chains should lead to the 
formation o± oliosaoeharide glyooaides of glyoerol,ai4 1;cxvl, the 
1yooaides yielding glucose ail jlyceroi on complete acid hyro1ysia. It 
was stated that no ethylene glyool would be produced as it had been shown 
that the mannitol residues were 1,2..di-substituted. By subjecting these 
glyooaides to a second sequence of reactions involving periodate oxidation, 
bohydride reduction end, this time, complete acid hydrolysis, ethylene 
Glycol was isolated with glycerol and reducing sugars. The proposal was 
made that the ethylene glycol could only have originated from 1,6-inter-
residue linkages according to the reaction scheme set down in rig • 4.. 
The same products and conclusions were also claimed from laminar-le acid. 
Quantitative determination of the ethylene glycol produced suggested that the 
!-chaina might contain two 1,6-lin1ed units and the 0-chains one 1,6-inter-
residue linkage per molecule. Later examination of laminarin for manmoae 
(Cunninchan, 1961: Beattie ., iirst and Percival,1962) failed to detect this 
sugar. 
The latter workers did., however, claim, by a methylation analysis 
which had proved successful for demonstrating the presence of 2,3 ,4.-tri-0-
methyl--g1ucose from leuco sin, a polymer which resembled. the G-chains of 
).aminarin, ib have found a small proportion of 20 ,4-tri'-Q-inethyl--gluooae 
in methylated. l*inrin. The product analysed as tetra tn : di a 1 : 16 : 
0.6. It was suggested that the high proportion of 2,3,4.,6-tetra-2-methyl-
D-glucose (corresponding to a chain-length of 	17) indicated that the 
37. 
sample was fully methylated (an unusual procedure for assessing methoxyl 
oontent). Chromatographic separation of the tri-methyl fraction, 
followed by periodate oxidation, provided a formaldehyde release corresponding 
to $ 2,3,4.ytri-Q-methylgluoose, i.e.) one 1,6-inter-residue linkage 
per 16 anhydro-hexose units. There .a also a proportion of 1 part di-
methyl-glucose per 17 anhydro-hexose units. The DP, deduced from the 
formaldehyde produced by the periodate oxidation of the original 
polysaccharide, was 21. 
The suggestion (Goldstein et al, 1959) that the mannitol residues 
in laminarin were di-substituted was contradictory to mach of the previous 
work (e.g. the hydrolyses conducted by Peat and his co-workers) on this 
structural feature. Annan, Hirst and Manners (1962) re-examined this problem. 
Periodate oxidation of a sample of insoluble l amina inat 2,  conditions which 
had been shown (Clancy- , and Whelan, 1959) to oxidise only the hexitol portion 
of the diasacharide alcohol, produced 3 mole formic acid. The model 
compound 1-0-3--laminaribio syl - inannitol also produced 3 mole, whereas a 
1,2-.di-subatituted terminal mannitol residue would only have produced 2 mole 
formic acid. Furthermore, it was demonstrated, by repeating the periodate 
oxidation, borobydrid.e reduction and complete acid hydrolysis procedure of 
Goldstein at al ( 1959), that ethylene glycol was in fact present in the 
degradation product. A complete analysis revealed glucose (2.a 95%), 
glycerol (1-2%) ethylene glycol (0.5%) arab itol a& glycollic aldehyde. 
The ethylene glyool was completely masked by the glycollic aldehyde on paper 
38. 
bromatogreplW s but it was isolated after the revel of glycollic aldehyde 
and glucose by ion nhrgs chromatography, followed by a separation of 
the resulting aloo1l mixture by chromatography on a cellulose oolumn 
using as solvent butanc)/ethimo]/wat&3r (top layer): 4/2/5. The ethylene 
glycol was oheracterised and provided oonfixiaation of the 1--g-substituted 
nature of the mannitol residues in lauiinarin. 
Cheaters and Bull (1963) conducted enzymic studies on more than 
160 species of fungus, during which they performed a very large number of 
ensyinic hydrolyses on luninarin substrates. In vitw of the contention 
(Unrau, 1959) that aaruae was a component sugar in laminarmn in pro-
portions of up to 5.4, these hydrolysates were routinely examined fbr this 
.ugar. Trace amounts of aanzae were found in so few of the hydrolysates 
that the conclusion was reached that it was not, in all probability, present 
in the original laminarin, but had 000aaionRlly been fanned as an artefact. 
A sma,31 quantity of a component tentatively identified as 3,6'-diglucoayl-
glucose was also detected. This could have been formed from 1,6-branch- 
points. However, it could also have been a product of enzymio transluoo-
3a tion, since they later (1964) found that maze fungal 1rI mrinrises had a 
tendency to form 1,3-, 194- and 1,6-1inkgee in the ratio 9 * 2 : 9. 
Annan, Hirst and Manners (1965 a) were dissatisfied with the 
evidence that aennece was a component sugar of lasninarin, and, therefore, 
re-examined the procedure. of Urattu and Smith (1959 a) by which the latter 
workers had isolated from insoluble laminarin, a component claimed to be methyl-. 
ca.--marmopyranoaide. Manners and his co-workers also reported the isolation 
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of a component which had the same mobility as this manno side in two 
chromatographic solvents, but which was resolved into two unidentified 
compounds in a third solvent, neither of which corresponded to methyl-a.-
-niannopyranoaic1e. Paper chromatography using methyl ethyl ketone/acetic 
acid/water (satxtéd with boric acid) : 9/3/1 was shown to provide a good 
separation of gLucose, manrkose and mannito].. Using this solvent, it was 
demonstrated that, although manrxse contents as low as $ in synthetic 
mixtures could be detected, no m'nnoae was apparent in hydrolysatee of 
several samples of leninarin, including one sample which had been examined 
by Unrau (1959) who had claimed a mannose content of 2. A very sensitive 
technique involving the fractionation of the laminar-In hyd.rolysates on a 
Dowex resin column (Jones and Wall, 1960) was then employed, and analysis of 
the appropriate bulked fractions showed traces of maxinose in three of the 
four samples examined. Quantitatively these gave a mannose content of less 
than 0.22, a lower proportion than that of fucose which was a known 
contaminant of these samples. Annan et al therefore concluded that the 
mannose had no structural significance, and pointed out that hydrolyaatea 
of crude laminar-In extracts frequently showed traces of mannose and xyloae, 
but these were removed from the polymeric material by further purification. 
Further details were  included in this paper of the isolation of 
ethylene glyoo]. (Annan, Hirst and Manners, 1962) from a complete acid 
hydrolysate of laininarin polyalcohol, the absence of which product was 
claimed by Goldstein, Smith and Unrau (1959) to prove that the mannitol residues 
were 1,,2-di-substituted. Manners and his collaborators isolated ethylene 
glycol (38 mg) by this method, a figure which was in good agreement, 
p.0. 
considering the number of experimental techniques involved, with the theoretical 
value (ca 54 mg) which would be expected from a structure containing 1-0-
substituted mannitol residues. A sample which had been claimed by Unrau 
(1959) to have a mannitol content of 12.4$ was re-examined and a figure of 
3.40% was obtained which conformed with the mannitol contents found in a 
number of other species. 
Annan, Hirst and Manners (1965 b) then turned their attention to 
the position of the 1,6-linkages in laminarin. Insoluble laminarin polyal-
cohol from L,hy'perborea was compared by chromatography on a Sephadex G-50 
column before and after mild acid hydrolysis, a process which would cleave 
any 1,6-inter-residue linkages in the molecule, but would. leave 1,6-inter-
chain linkages intact. The bulk of the polyalcohol was eluted as one 
sharp peak preceded by a minor one which accounted for only 3% of the material. 
the 
After hydrolysis./elution pattern was unaltered except for the disappearance 
of the minor peak indicating that YE fragmentation had occurred. It was 
concluded that 1,6-inter-residue linkages were not present in this sample. 
The Smith degradation would have produced 2-substituted D-arabitol residues 
from reducing end-groups (F19.3), and 3-substituted -glycerol derivatives 
from any 1,6-inter-residue linkages which were present (Fig.). In the 
absence of the latter f eature, periodate oxidation of the degradation product 
after the ranovaJ. of glycerol and glyoollio aldehyde by gel filtration, 
should liberate 1 mole formaldehyde from each original reducing residue. 
The sample examined had a 37P of 21+ and contained 43% G-chains. The 
theoretical yield of formaldehyde should, therefore, have been 0.018 mole 
per anhydro-hexose unit (the M-chains form 1-substituted ethylene glycol 
1. 
residues which do not yield formaldehyde, ?ig.2). A formaldehyde release 
of 0.019 mole was, in fact, observed, a result which again illustrated the 
absence of 1,6-linkages in the main polymeric chains. Annan at al were unable 
to identify 2,3,4..tri-0-rnethyl--g1ucose in methylated laminarin by either 
paper or g84/21juid chromatographic analysis. It was, however, shown that 
small amounts of this, and of unidentified di-methyl gluooBes were formed when 
chromatographically pure 2,3 ,4,6-tetra-O-methy1--g1ucose was heated with 
dilute hydrochloric acid. Hence hydrolytic demethylation could have produced 
the 2 ,3,4.'.tri-Q-methy1-g1uooae previously observed in methylated 1amiarin 
(Beattie, Hirst and Percival, 1961), and this was not, therefore, unambiguous 
evidence for 1,6-inter-residue linkages. 
Finally, these workers were able to demonstrate a structurel 
difference between an insoluble and a soluble species of laminarin. The 
degrees of polymerisation of L.hyperborea and of L,saccharina laminarina, by 
the production of formaldehyde from the periodate oxidation of the borohydride - 
reduced polysaccharide were 24 and 28 respectively. The chain-lengths, by 
formic amid release, were, however, 19 and U respectively. The degrees of 
branching were, therefore, 0.3 and 1.6 respectively, 	Hence it was postulated 
that differences in solubility could be caused by differences in the degree 
of branching, and that, in the more highly branched molecules, there is a lower 
degree of linear orientation and intermolecular bonding, with a resultant 
increase in solubility. 
The structure of l{nirin from L.hyperborea, L.digitata and 
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ippeara to consist of chains of (3-10-linked. glucose residues, 
some of which are terminated. by 1-0-substituted mannitol residues. The WPF 
probably lies between 15 and 30 depending on the species. 1,6-Linkages are 
present in the molecules, but it is not yet certain whether these occur as 
inter-residue linkages or as branch-points. The soluble species appears to 
have a slightly higher 9 than the insoluble, to contain slightly more 
mannitol, and to have a higher proportion of 1,6-linkages. 
A leminarin which differs considerably from the above has been 
isolated from 1iaenia bicyclia, a species of brown algae which occurs in 
Japanese waters. Nisizawa (1939) isolated this ].arninarin, and established 
a DP of 21 by cryoscopy. Hands and Nisisawa (1961) reported that it was 
extremely soluble in water. The chain-length, estimated by the reduction of 
hypoiodito, was 18. No mannitol was found, and the absence of M-àhainn was 
supported by the close agreement between the oryosôopy and hypoiodite CL 
determinations, Pericy3.ate oxidation at room temperature produced. 0.37 mole 
formic acid, and 0.73 mole periodate were reduced, values which were 
considerably higher than those found from other lamixmria. Partial acid 
hydrolysis revealed that the molecule contained. 1,3 and 1,6-linkages in 
approximately equal proportions, but no 3 ,6-di-gluooayl-gluoose was isolated. 
The 1,6-linkages, therefore, occurred in the main chains of the polysaccharide 
rather than as branch-points. Gentiobiose.CentiOtri"S and gentiotetraose 
were tentatively identified from the hydrolysate indicating that blocks of 
adjacent 1,6-linkages were present. Alkaline degradation, which will not 
continue beyond a 1 96-inter-residue linkage, ceased after a loss of some 30% 
'3. 
of the weight of the original laiainarin, and both the formic acid produced 
nd the periodate reduced were 1.)+ times those of the xnd.egrad.ed polymer. 
It was therefore suggested that the alkaline degradation had indeed been 
restricted, to 1,3-linked residues which are stable to periodate, and hence 
that these must predominate near the ends of the chains. 
This species of laminarin appears, therefore, to be a linear 
gluoan of OF a 20 containing 10 and 1,6.linka€ea in the ratio of 2 z 1 
with at least up to three adjacent 1,6-linked residues probably situated near 
the centre of the molecule. 
nzymio Studies on Laminarin. 
The proceaces of enzymic degradation have it been implemented to 
any great extent for structural investigations of laminarin. TheDe are 
considerable advantages to be gained from the use of highly specific enzyme 
preparations to hydrolyse polysaooharid.e linkages, since these would prohibit 
the formation of undesirable artefacta, such as acid reversion products, which 
frequently confuse the results obtained from chemical analyses. However, to 
fulfil this criterion, the enzymes must first be thoroughly investigated so 
that the exact mechanisms by zhioh they degrade the polymer are fully under-
stood. The enzyme may itself produce artefacts by tranaglucosylation. 
Laminarin has usually been used as a substrate to examine the action of 3-1 9 
3..gluoanaRea (which are hence frequently termed laminarinases) rather than 
vice versa. 
Cohn and Ricard (1930)  noted that laminarin was hydrolysed by snail 
juice, but reported that it was not attacked by the common amylases or by 
einulsin. However, Barry (1941) later reported that laminaribioae was 
4'. 
susceptible to ulsin hydroLysia and Peat, Thcas  and Whelan (1952) 
demonstrated that i"sin would slowly degrade laminarin. Berry also 
found I asn4 nari nAe activity in limpet juice. Dillon and O'Colla (1950) 
used an impure extract Of whe4loring eeylaae activity, to attack 
laminar-in,, and observed that their crude preparation also degraded floridean 
starch, whereas orystalline -aeylaa6 had little effect on either of these 
substrates, It would appear, therefore, that the 3-1 ,3-gluoanase activity 
had been removed on purification. Malt diastase did it hydrolyse lasinarin. 
These workers wet'e later able to demonstrate leminarinase activity in extracts 
of oats, barley, potato and hyacinth bulbs, which also attacked lichenin and 
yeast glucan. Tbt wheat, oats and barley appeared to contain an endo-enzyme 
is one which attacked the moleaalea in a random wey to produce lagninari.' 
oligosacoharides quickly, whereas the potato produced an ezo-enzme, j 
one which attacked from the ends Cf the polymeric chains to produce glucose 
initially, other olio saccharides net being formed till the later stages of 
the digestion. Post at al (1952) ehewed that crude preparations of 
fr.amylaae from acra beans also had laminarinase activity. 
Duncan, Manners and Rose (1954) exastined the oarbobydraae activities 
of a number of seaweed extracts, finding a rrtber of enzymes, including 
_______ in C].adophez'a ruDeetriS, j.'minnria &tgitata and Tthodymenia palwta. 
More detailed investigations (1956) revealed that unfzeotionated extracts 
of theee algae, and also ofLactuca, contained, amongst other activities, 
an endo-f3-1 ,3.'gluoosenase, crslo-ç-1 ,4-g1uooaanaee, and an exou"fu'gluooaanass. 
Reviews of the early progress in the enzymic degradation of laininarin 
'4.5. 
were provided by Zeolzieister, T6th, Furth and Bereorr (1940) 0 PI gaan (1950) 
MA Maimer. (1955). 
An extra-o& 1 121r enzym which hydzv1yed lazninarin and leminar'ibiose 
was observed (Aitken, thdy, Ingraa and Wurman, 1956) in culture filtrates 
of the fungus Myrotheoisa verx,acaris. A ocp1sity of p'gluoanasea was 
identified (stone, 1957) in thu fungus fpenil1!9 nigor. This could be 
resolved into two sajor components which had different neohania. The 
action of thee., and other enzyme preparations, on -g1uoana was reviewed by 
Stone (1958), lIoil.koahi md lida (1953) demonstrated the activity of a 
bacterial strain of the Bacillus ciroul& species on the fungal oell walls 
of Aspergillus o1vsae. It was subsequently reported (Horikoahi, Koffler and 
Gcirner, 1961) that this lytic enzyme was of the 3'-10-91uoanaae type, aM 
hence it was suggested that a polysaccharide 5((1R to laainarin was a 
prominent component of the fungal cell WILliS. Ilorikoshi, Kofflor and 
Arima (1963) purified this enzyme. It was probably of the "random splitting 
type" and hydrolysed leminarin, lrirrint.ritotraoae, 1(n,ritrioae, jdco but 
not lasinaribiose. Reese and Mandels (1959) investigated the f-1 ,3-ijluoanaae 
activities of fungi. The Baaidiocwoete species and Svoz'otriolnza nruinca 
were excellent sources of activity of the emo-type s giving only glucose as the 
product, whereas thisopus arrhius produced an enzyme which gave 1iiminrib ices 
and higher oligoeaoobaridea. 
Cheaters and Bull (1963) reported the results of an extensive 
survey of the distribution, the raultiooiaponent nature, and the sensitivity 
to experimental conditions of 'I sminerinases anong mioro-orC' . P-1#3- 
6 . 
G].uontsee were found in more than 90% of all the fungi investigated 
(ca 160 species). However, activity was low in four species of marine fungi, 
and non-existent in several others. Marine yeasts including those from 
decaying Laminaria fronds showed low activity; on the other hand,many 
Baaidiomyoetes had high activity. It was concluded that laminarinase was 
constitutive in terrestrial fungi which would attack seaweed washed up onto 
a beach, but that it did not generally occur in marine fungi so that the 
Laminaria were not attacked in vivo. Increasing concentrations of sodium 
chloride were also reported to limit the laminaririase and alginase activities 
ç' Thte fungi. No apparent relationship was found between fungal species, 
habitat, and the type (exo-or...endo-) of the enzyme activity. Mannitol - 
containing oligosacoharides were identified in laminarin digests with extracts 
of Myrotheoiuin verrucaria and Triohoderma viride (exo-enzyme). Laminaribioayl-
mannitol was formed readily, but thereafter the molecule was increasingly 
resistant to attack and glucosyl-niannitol was formed only slowly, while 
rnannitol itself was not formed at all. Macnose was only identified in a few 
of the digests. Cheaters and Bull suggested that the fungal hydrolysis of 
Laminaria was accomplished by a family of enzymes which might comprise a 
(3-gluoosidase of low specificity, an exo-1,3-glucanase, and one or more endo-
1 ,3-glucanasea. Random action of the exo-type was postulated. The temperature 
and pH optima of the endo and exo-enzymes varied, implying that these were 
separate enzymes, and that the two activities were not present in the one 
enzyme. Inhibition by gluoono-1,-laotone was also observed. 
Nielsen (1963) was encouraged to examine the soil and litter 
'7. 
invertebrates for lRrninArinaae activity by the d.iacovery (Myers and Northoote, 
1958) of a powerful laminarinase from the digestive tract of Helix pomatia, 
and the report (Bailey and Clarke, 1963) that laminarinase activity had been 
found in Entodinium species of sheep rumen. Nielsen found that all the soil 
and Utter invertebrates examined showed 3-1,3-glucanase activity. Two 
such enzymes were purified, and were of the exo-type. 
A study was made (Nelson, Soaletti, Smith and Kirkwood, 1963) 
of the mode of attack of a --1,3-g1uoanaae from Basidiomycetes on 
laminarin. It was found to be an &co-Czyme which attacked the non-reducing 
ends of the laminarin chains removing one unit at a time. It attacked 
10-3-inkages but not 1,6-links, although it was able to by-pass the latter. 
The action slowed down when the DP had fallen to 3, and stopped altogether 
at the disaccharide. 
Laminarinasea, therefore, appear to be extremely widely distributed 
in Nature, occurring in seaweeds, fungi, invertebrates and grain. This 
ubiquity may be related to the widespread occurrence of 3-1,3-g1ucana, which 
quantitatively form a considerable proportion of the polysacoharidea on this 
planet. The enzymes are generally highly specific, but tend to occur in 
multioomponent complexes. Many of these have been shown to have synthetic 
activities via the mechanism of transglucoaylation. 
The chemical studies on laminarin which ere reported in this thesis, 
were directed mainly at elucidating the nature of the 1,6-linkage in soluble 
laminarin, in an attempt to find a structural explanation for the differences 




METHODS AND MATERIALS USED IN PART I. 
Sugar Estimations. 
Reducing power. 
The iodoinetrio procedure of Somo'i (1952) was used for the 
estimation of glucose. Aliquots (5 ml) of a suitably diluted solution 
of the reducing sugar were treated with Somogyi reagent (5 ml). The 
reduction mixture was heated at 100 ° for 20 mm, cooled, acidified with 
2N-au].phurio acid and titrated with ca 0.01 N-sodium thiosuiphate using a 
starch indicator. Blank determinations were treated identically. A 
calibration graph depicting 6 in] (blank-test) against mg glucose per ml was 
constructed from results derived from a number of known dilutions of a 
standard glucose solution, The Somogyi reagent was stored in the dark at 
37° . 
Total hexose content. 
The estimation of the totsl concentration of reducing and non  -
reducing sugars in a mixture was accomplished on both monosaccharides and 
polysaccharides using the phenol-sulphuric acid technique of Dubois, Gilles, 
Hamilton, Rebera and Smith (1956), a method which is linearly sensitive to 
concentrations of 10-100 pg per ml. Carbohydrate solution (1 ml) was treated 
by the addition of 5% aqueous phenol (2 nil), and then concentrated "Analar" 
added 
sulphuric acid (5 ii), the latter being,/quickly from a fast-delivering burette. 
A brown -red ooloration was thereby developed. After the solution had cooled, 
49. 
the optical density at 490 WjA was determined ape otrophotometrioally against 
a reagent blank. Calibration graphs were again constructed from measurements 
of standard solutions. When applied to po].yaaocharid.ea this procedure 
performed the dual function of hydrolysing the polymer and estimating the 
resulting mono saccharides, in which instance a correction factor of 0.9 was 
used to compensate for the change in weight during hydrolysis. 
o) Estimation of methylated sugars. 
The monosaccharide components of total hydrolyaatea f methylated 
polysaccharides were estimated by alkaline hypoiodite titration (Sobotka, 1926) 
after preliminary thick paper chromatographic separation of the methylated 
aldoses. Test solution (1 ml) was treated with approximately 0.15 N-iodine 
(1 ml) in sodium carbonate-sodium bicarbonate buffer at pH 9.6 (2 ml) in a 
stoppered. tube. The stopper was moistened with 10 potassium iodide to 
minimise loss of iodine. After 2 hr in the dark the solution was diluted to 
. 25 nil, acidified carefully with 2N-sulphuric acid so that the evolved 
carbon dioxide did not carry off iodine vapour, and titrated with approximately 
0.01 N-sodium thiosuiphate using a starch indicator. Blank determinations 
were conducted on strips of chromatography paper which had been cut to the 
same site as the strips from which the methylated sugars had been eluted. 
This procedure was confirmed (Jeanloz, 1946) to be quantitative for 
methylated aldoses according to the stoiohiometric equations: 
2NaOH + 12 = Nal + NaOI + 1120 
R-CH0 + NaOH + NaDI 	U lal + R-COONa + 1120 
R-CHO + 3 NaOH + 12 	
0 2NaI + R-COONa + 21120. 
Va 
Methlation Procedures 
a) Kuhn-Haworth methylation (Kuhn and Triao)nann, 1963). 
This procedure was adopted for the reliminary methylation of 
polysaccharide samples. Carbohydrate (e.g. 2 g) was dissolved in diaethyl 
sul1xi&e (100 ml) moderate heat being required to effect solution since 
the reaction mixture solidifies at room temperature. Dimethyl formamide 
(100 iii) was added and the eolutioa was cooled immediately to 00  with stirring. 
Barium hydroxide ootahyd.rate (100 g), which had been finely ground immediately 
prior to use, was added with vigorous stirring, agitation being continued 
for 30 mm. at 00  with the formation of a white"semi-paste". Pour additions 
(each 18 ml) of dimethyl sulphate were made, the mixture being stirred at 0 0 
for 1 hr., 1.5 hr., 2 hr. and 0.5 hr. reepectivolZr fter each addition. The 
flask was removed from the ice-bath and allowed to warm slowly towards room 
temperature. Reaction commenced after oa 32 win, and caused the temperature 
to rise rapidly to approximately 40° . Some frothing occurred at this 
Juncture and would have resulted in loss of material had not a suitably large 
flask been selected in which to perform the methylation. The mixture was 
stirred gently at room temperature for a further 72 hr. ExcesE dimethyl 
sulphate was destroyed by the addition of 0.88 ammonia (20 ml). The 
resulting oil was extracted with chloroform (380 ml) and centrifuged. The 
chloroform layer (top) was separated, and the residual oil layer  was re-
extracted with chloroform (3 x 150 ml) at 500 	The combined chloroform 
extracts were washed with water until neutral. The intermediate chloroform-
water gel which formed was washed once with water and extracted with 2% 
EDTA, the organic layer being added to the main chloroform fraction. This 
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was evaporated at reduced pressure 
at 4.50 	all of the chloroform 
and some of the disethyl formaxnide. The latter was completely removed using 
a high vacuum pump. The residual methylated polyeaocharide was redissolved 
in chloroform and reconcentrated as before to yield a brown-white semi-
crystalline solid. 
b) Purd.ie methylation (Purlle and Irvine, 1903). 
Polysaocharides which were readily soluble in methyl iodide, and those 
which had been converted to a soluble but incompletely methylated form by 
preliminary Kuhn-Haworth meth,;lation, :ere further methylated by refluxing a 
portion (. 1.5 g)with methyl iodide (20 ml) and silver oxide (3 g) in the 
dark for 40 hr. When the reaction was complete, the excess silver oxide 
was removed by filtration, the residue being washed with cold then hot 
chloroform. The oombined filtrate and washings were evaporated to dryness 
under reduced pressure. The methylated product was further pur±fed by 
redissolving in the minimum volume of chloroform, filtration and re-evaporation 
of the filtrate. The separation and washing of the silver oxide could also 
be conveniently performed in a goxhiet extractor. The methylated derivative 
was finally dried by evacuation with a high vacuum pump. 	This procedure 
was repeated until the desired degree of mothylation was achieved. 
Methoxyl Determination. 
The degree of methylation (OMe ) of polysaccharides was followed 
by the Zoisel method (Belcher and Godbert, 1945). 
Methano].ysia. 
As a preliminary to the gas-liquid chromatographic analysis of 
inethylated derivatives of polysaccharides (q..v.), these were first methanolysed, 
a procedure which accomplished simultaneous hydrolysis and conversion to the 
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volatile methyl glyooaid.es. Methylated polysaccharide (e.g. 20 mg) was treated, 
in a glass tube, with 3% methanolic hydrogen chloride by adding methanol 
(2 ml) which had been dried with magnesium methoxide (Vogel, 1956), and 
methanolic hydrogen chloride (0.5 ml) which h& been prepared by passing 
dry hydrogen chloride into dried methanol, with cooling, until the solution 
was approximately 50% Y;/v, then diluting to 17% with dry methanol. The tube 
was sealed and heated at 1000  for 20 hr. The solution was neutralised with 
silver carbonate and centrifuged. The oentrifugate was evaporated to a 
swill volume and treated with chloroform and sodium sulphate to remove all 
traces of moisture. After standing for one day, the mixture was filtered, 
and the filtrate was evaporated to dryness. 
In some later experiments it was found that moisture was adequately 
removed by repeatedly evaporating methanol solutions of the cooled methanolysate 
to dryness. This simpler technique would be particularly useful if the 
subsequent gas-liquid chromatography was performed using a flame-ionisation 
detector which is not affected by small amounts of moisture. 
Gas-Liquid Partition Chromatography. 
The author is indebted to Dr G.0. Aspinall and Mr J.C. Patterson for 
technical co-operation in this work. Chromatography was conducted on chloroform 
solutions of methanolysed methylated polysaooharidea using a butan-diol 
auooinate polyester column at 175 (Aspinall, 1963) and a "Pye Argon" 
chromatograph. Retention values were measured with respect to the (3-methyl 
glycoside of 2,3 ,4.,6_tetra2methy1--g1uco8e. 	Volumes of components 
were estimated approximately by measuring the areas of the isosceles 
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triangles tozd by the peaks and the base-lim e 
cellulose ohzonatogr.pky. 
thylated sugars were separated on a column of powdered cellulose 
(flough, Joze we W"n, 194.9) • cellulose was stirred with acetone to form 
a slurry, which was poured into the ooltan, the cellulose sttling out to 
form an evenly packed bed. The oo1i was thoroughly washad with water, 
strong solvent mixture, and s finally, the dilute solvent mixture which had been 
selected to initiate the elution e The mixture to be obrvmatogx'aphed was 
diseolved, when possible, in a man volume of the elution eyatai, but if it 
proved insoluble, the aluting liquid was suitably modified to affect solution. 
The dissolved ample wee then applied to the oolmn which was oluted as 
required, and the effluent was collected using an automatic fraction 
collector. 
Sephedex ohrcsaatogreply. 
The proosdure described by }'lcdin (1962) was employed to pack the 
ooltsa. Thue were washed with water for 41 hr 2ne&tate1y before use, until 
a fairly constant flow-zeta of approximately 11 ml per hr. was ech-teved.. 
The sample to be onromatographed was dissolved in the minimum volume of water, 
washed onto the colt, and eluted with water, the eluate eain being 
oolleotod using an automatic fraction collector. 
A mber of siples of lnrt(n.rin from various sources wars kin&Uy 
provided by Dr W.A.P. Bln* and Dr .T. Dewar - of the Institute of 3eawe4d 
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Research, Muaselburgh. These were 
No. 1 Insoluble laminarin ax L.hyperborea frond, harvested at Culilpool 
on 31st August 1949, 
No. 2 Insoluble 1Rm(n*in ax L. hy-perborea frond, B.B.1, harvested at 
Campbelt own. on 2nd November 1954. 
NO-3 	Insoluble ].azninarin ax L.hyperborea froth, I.L.4. 
No.4 	Insoluble law.inarin ax L.hyperborea froth, III (242), harvested in 
December 1949, 
No.6 	Soluble laminarin ax L.digitat frond, S.L.5 
NO-7 	Soluble laminarin ax L. d.igitata froth, D.24 (186), harvested in 
October 1945. 
No.8 	Soluble laiainarin ax Fuous aerratus frond, B.1 (342), harvested in 
August 1945. 
A further sample of insoluble laminarin from L • hyperborea froth was 
designated "B.B.2". This was the material described by Anderson at al (1958). 
These materials were extracted from washed., minced fronds by leaching 
with dilute hydrochloric acid. (pH 2.4.) at 700 for 1 hr. Insoluble laminarin 
was recovered from the filtered solution by spontaneous deposition, and was 
collected by centrifugation * Soluble Thntlnarin was precipitated by the 
addition of ethRnol. The laminarin was purified by redissolving it in hot 
water, filtering the solution, and allowing it to retrograde from the filtrate 
(if "insoluble") or by reprecipitating it with ethanol. 
"Borax" laminarin was a sample of insoluble laminarin from the Liver-
pool Borax Company r4ntfly supply by Dr A.T. Bull. 
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An MMtional sample of soluble laminarin was used.; this had been 
extracted from L. aaooharina frond harvested. at St. Abba on 15th October, 
1962 by Dr W.D. Annan. In this extraction, the seaweed was treated with 
0.01 Mi-mercuric chloride (0.5 parts by volume) at 70° for 2 hr. After 
separation of the extract by filtration, the laminarin was precipitated by 
the addition of ethanol (7 vol). It was then rediaaolved in hot water, 
oentrifuged,aM reprecipitated with ethanol. Since this material still 
contained fuooae, mannitol, and traces of mannose and zylose, the laminarin 
was further purified by passing it, in aqueous solution, through mixed 
Mberlite IR.120 (i() and Asiberlite fl-45 (OH) ion exchange resins. The 
purified polyaaocharide was again precipitated from the concentrated eluate 
by the addition of ethanol. The precipitate was washed with methylated spirits, 
then ether, and air dried. 
This mixed resin purification procedure was subsequently found to be 
inadequate for removing fucoidin from a sample of crude polysaccharide from 
Pelvetia canalioulata frond, which contained a large amount of fucoidin 
together with a minor proportion of laminarin. Since some loss of lani.tnarin 
has been observed during ion exchange chromatography, and since a very large 
bed volume of mixed resins would be required to remove all the fuooidin, the 
consequential reduction in the yield of laminarin would be too great to make 
this method practicable. 
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CIL4PTER III  
A STRUCTURAL COMPAFISON OF SOLUBLE 
AND INSOLUBLE LANINIUIN, 
perimental. 
a) Pre1imjnaz7 Anaiysia. 
The seven samples of 1nrn4niirin which had been provided by Dr W.A.P. 
Black and Dr E.T. Dewar (listed in Chapter II) had not been previously 
examined.. They were, therefore, subjected to a preliminary analysis for 
component sugars and hexose content, 
Component sugars, 
Laniinarin (ca 10 mg) was fully hydrolysed with 2N-sulphuric acid 
at 100° for 3 hr. The hydro].yeate was cooled, neutralised with barium 
carbonate, centrifuged to remove barium sulphate and excess barium carbonate 
and evaporated almost to dryness under reduced pressure. The hydrolycate 
was examined by qualitative paper chromatography using two solvents - 
and 913/1, Two spray reagents, silver nitrate and aniline phthalate, 
were used.. 
Hexose content. 
The technique of Soznori (1952) iva3 employed to determine the hexose 
content of the seven samples of lamincrin, after preliminary hydrolysis with 
2N-sulphuric acid. (Pirt and Whelan, 1951). Laminarin ( 40 mg) was hydrolysed 
with 2N-sulphuric acid 
(-0a 5 ml) at 100° for 3 hr. The hydrolysate was 
neutralized to phenphthalein with 2N-sodium hydroxide, transferred quantitative], 
to a graduated flank, ana 	to 250 ml. Aliquots (4 ml) with water (1 ml) 
57. 
were estimated for reducing power using the Somogyi technique. Since the 
results obtained, were slightly lower than anticipated, control experiments 
were oothuoted on glucose. Glucose (120 mg) was dissolved in 2N-aulphuric 
acid. (15 U), Aliquots were withdrawn, neutralised to phenolphthalein, and 
estimated before. The remainder of the acid solution was hydrolyzed at 1008 
for 3 hr then estimated as before. Assnnrtig the hexose content of the 
unhydrolysed glucose to be 100%, a reproducible loss of 4$ of the glucose 
was observed after hydrolysis under these oonditiona. This correction 
has been incorporated into the results which are tabulated. below: 
Sample. 	 Hexose (). 
No.1 	 95.0 
No.2 95.0 
NO. A 94.6 
94.0 
No.6 94.4 
No.? 	 94.7 
No.8 	 94.0 
(i) Period.ate Oxidation Studies. 
Further structural investigations on the laminarin samples described 
in Chapter II were made by measuring the formaldehyde and formic acid released 
during periodate oxidation at 20 , and the formaldehyde released by periodate 
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58. 
Release of formaldehyde from lAminFirin at 2 0 
This determination was conducted on the seven samples of lar. Lnarin 
previously described, and also on laminar-in BB.2. The concentration, of the 
oxidation mixture was 16 in M with respect to sodium periodate. Lamin nfl 
(100 mg) was dissolved in water (25 nil). Aliquots (10 ml) were treated with 
0.33 M-odium metaperiod.ate (0.5 ml) and oxiaed in the dark at 2 0. Samples 
(1 ml) were removed at intervals up to 4.8 hi', and the oxidation was terminated 
in these by the addition of 0.5 U-sodium sulphite (0.5 ml). t.thanol (4..0 ml) 
was added to precipitate the polysaccharide and inorganic constituents. 
After standing at 00  for 24 hr to ensure complete precipitation, the samples 
were centrifuged, and aliquots (1.0 ml) of the supernatant liquor were treated 
with chromotropic acid reagent (9.0 ml), heated at 100° for 30 mm, cooled, 
treated with 4..6% thiourea solution (2 ml) and the optical densities measured 
at 468 nip and 570 mg in 2 cm. calls, Standards containing 16.0, 25.6, 32.0 
and 48.0 jig formaldehyde per ml were examined concurrently. The graph of 
optical density against time for the laminc.rin samples, after an initial sharp 
rise (Fig.5) in the early stages of the oxidation, levelled off to form a linear 
relationship. The formaldehyde release was estimated by extrapolating this 
flat portion of the curve to zero time and comparing the optical densities thus 
obtained with the calibration graph obtained from the standards. Correotioni 
for polymer blanks were made as described in the "General Methods" section of 
this Thesis. The results obtained were: 
Sample. 	 Formaldehyde Release. 
(mole/anhydrohexose unit). 
No. 1 	 0.037 
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Sample.. 	 Formaldehyde Release mole/ /anhydrohexose unit). 
No. 2 	 0.029 
No, 3 0.037 
No. 4 0,030 
No, 6 0.030 
No. 7 0.025 
No, 8 0.030 
B4- B.2 0.028 
Borohydrid.a reduction of laminarin. 
Laminar-In (150 mg) was dissolved in water (5 ml) and the solution 
was treated with potassium borohydride (50 mg). After shaking for 60 hr. 
the excess borohydride was destroyed by adding glacial acetic acid till the 
solution was just acid. The polyaloohol was precipitated with ethanol 
(7 vol) and purified by reprecipitation with ethanol, before being washed 
with alcohol and ether and dried in vacuo over calcium chloride. Drying 
was completed in a pistol drier for 12 hr. Yields varied from 54 to 7 
and products varied from white to light grey. 
Release of formaldehyde from borohydride-reduced laminarin (leminaritol) at 2° 
Laminaritol (10 mg) was diBsolved in water (25 ml). Aliquots 
(10 ml) were oxidised in the d.ark at 2° with 34 mM-sodium metaperiodate. 
The formaldehyde release was estimated substabtially as before with the 
following modifications which were introduced to ensure that the extinctions 
of the final solutions occurred within the mom acourat* range of the 
ape otrophotometer. Ethanol (5 ml) was added to precipitate oxo-polysaocharid.e. 
Figure 6 
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Aliquote (2 ml) were treated with chromotropio acid. reagent (20 ml), and, after 
development of the colour, with J,.6% thiourea (2 ml); solutions were 'read' 
in' cm. cells (llrig.6). The results are tabulated below 
Sample. 	ormaldehyd.e Release from Laininaritol. 
(iaole/anhydrohexose residue). 
No. 1 	 0.055 
No, 2 	 0.053 
No. 3 	 0.064 
No. 4. 	 0.056 
No. 6 	 0.038 
No. 7 	 0.038 
No, 8 	 0.032 
B.B.2 	 0.047 
Standardisation of barium hydroxide for the determination of formic acid release. 
Approximately 0.01 N-barium hydroxide was prepared as follows. 
Water (500  ml) was placed in the reservoir of an automatically filling burette. 
Carbon dioxide was removed by passing a stream of carbon dioxide-free air for 
several hours. Saturated barium hydroxide (10 ml) was eMM. The solution 
was standardised against ca 0.01N.-potassium hydrogen phthalate (5 ml) by plotting 
the pH of the solution against the volume of barium hydroxide added. A point 
of inflexion occurs at the neutralisation point (pH 6.25). The differential 
curve was also plotted to give the volume of barium hydroxide added at which 
the maximum change in pH occurred. Further titrations were then carried out 
to this pH, and the normality of the alkali was calculated.. During the titrations 
nitrogen was passed through the solution which was kept at 
00  in an ice-bath. 
0 
Release of formic aojd.from laminarin at 2. 
61. 
Laminarin (200 mg) was dissolved in water (50 ml), and 0.1875 M-sodium 
znetaperiodate (4.0  nil) was added. The oxidation solution was diluted to 100 ml 
to give a final concentration of 75 mM with respect to periodate, The 
oxidation was allowed to proceed in the dark at 20.  Samples (1 ml) were 
removed, at time intervals up to 24 hr. Excess periodate was reduced by 
adding 12.4%2 ethylene glycol (2 ml) before titration, in an ice-bath, to pH 
6.25 with 0.0125 N-barium hydroxide. During the titration a stream of nitrogen 
was passed through the solution to keep it free from carbonate, Some barium 
iodate was precipitated during the titration, but this did not interfere with 
the results. Water blanks were similarly treated and the blank titration 
thereby obtained was subtracted from subsequent lasinarin titrationa. The 
formic acid determined, in the samples became constant after about 1 hr. 
The results, after appropriate oorrection had been made to allow for the hexose 
content of the lanminarin, weres 
sample 	 Formic Acid Release. 
(mole/anhydrohexose residue). 
No. 1 	 0.154. 
No. 2 	 0.129 
No. 3 	 0.166 
No, 4 	 0.136 
No. 6 	 0.168 and 0.175 
No. 7 	 0.217 and 0.199 
No, 8 	 0.176 and 0.167 
Borax 	 0.132 
L, aaooharina. 	 0.166 
Figure 7 
Fractiofletiofl of laainarin B. B2 by precipitation and dialys is  
Lainarin B.L2 (309.) 
dissolved in hot water 
and allowed to cool 
Precipitate 
	 Soluble polysaccbari 
FRACTION A. (24€.) 
	
FRACTION c (6g.) 
dissolved in hot water and 
dialysed against water for 8 hr. 
Dialys able laninarin 
FRACTION D. (0.188.) 
Non-dia].78 able 
dialysis continued 
for 18 days 
Dialysáble linarin 	 Non-dialyzable liiz 
FRPCTION (14.5 .) 
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ractionation by precipitation and dialysis of insoluble laminarin. 
Laminarin B.B.2 was fractionated by Dr F.B. Anderson according 
to the scheme depicted in flg. 7. Fraction A (precipitated), fraction C 
(non-precipitable), Fraction E (clialysable) and Fraction F (non-dialyaáble) 
were subjected to periodate oxidation analysis. 
iformaldehyde release at 2 ° from borohydride reduced fractions of laininarin B.B.2 
The reduction of these samples with potasaiwn horohyd.r±de was 
accomplished in the usual way, and the formaldehyde released during the 
oxidation of the corresondiri laminaritola with 14 mM-sodium poriodate at 
20 was followed as before. The results were: 
Sample • 	 Formaldehyde Pew-se. 
(rnole/anhyclrohexose residue). 
Lazuinarin B .B • 2 	 0-047 
Fraction A (precipitated) 
	
- (see below). 
Fraction C (non-precipitable). 	 o .060 
Fraction E (d1a1,ysable). 	 0.022 
Fraction F (non-dialysable). 	 0.021 
The graph of optical density/time for Fraction A (Fig.8) did not 
exhibit a flat portion which could be extrapolated to zero. 
Formic acid release at 2 ° from fraotio of laminarin B.B 2 2. 
The same fractions of precipitated and dialysed lazuinarin were 
oxidized at 2° with 75 mM-sodium metaperiodate, and the production of formic 
acid was followed in the usual way. 
Sample. 
Fraction A (precipitable) 
Fraction C (non-prociiital,le) 
Fraction E (dialyzable) 
Fraction F (non-dialyaable) 
Formic Acid Release. 



















Time (hr.) ---•----4 
• Fraction A. 
o Fraction C. 
/a Fraction E. 
( Fraction F. 
LL 
The aajorir of the previous 	(Chapter I), w)m 
attempted to correlate the differencies in .olubility of various species of 
linarin with structural differencies, have employed a considerable amber 
of ans]yticel teubsiqts on a limited aar of lemincrin samples. Since 
noW of those procedures were depsmtent on the incompletely understood tic 
structure of ]aainarin and have since been dnatratsd to 1 ,u non..que.utitativO, 
the results obtained was frequently oontrdiotozye 	urtharcore, general 
conclusions regarding the fins struobu'os of a wide epsotreat of different 
linsrin samples, whioh r* reached frcm. the study Of  only a few samples 
have k be treated with osution, lor this invaati&ation it waa, therefore, 
decided to employ ai4'4tod zwmber of teaLi4use which had been thoxughly 
established to be Tmintitative by their application to t,a.l cosomi, 
and which were further sham to be eminently reproducible by their we in 
duplicate szpertnanta, to wRlyae a large mber of different soluble and 
insoluble lemincrin samples, in an attempt to detect some difference in the 
fins structure of the aoleaulem which would account for the different 
solubility characteristics of the various specisi. A comparison me made of 
four eplea of insoluble laninerin and threo of soluble laninarin which had 
not been previously aminad. Two further samples of insoluble laainarin and 
one of soluble l.aiwirin, which had been previously subjected (Azuan, 196) 
to structural investigations, were also compared. 
Ccmconsat 	ari. 
The seven univo3ti4atcc1 ap1os (four from :.hYPezoxc two 
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from L. dJ.itata and one from iuoua 3erratua) were examined for component 
sugars by hydrolysis and paper chromatography using two solvents. The first 
solvent, 9/2/1, was selected since it had been shown (Annan, Hirst and Manners, 
1965 a) to provide a good separation of mannose in the presence of glucose, 
and to be sensitive to itmfl proportions (less than ].) of the former. 
The second solvent system employed (1/3/2/4) provided good separations of 
glucose and mannitol. Glucose and mannitol were established, as component 
sugars of these species of laminarin, and mannose had also been claimed 
(Smith and Tnrau, 1959 a) as a constituent, although the presence of this last 
sugar was doubted by late:' workers (Beattie, Hurst and Percival, 1961 z Chesters 
and Bull, 1963) and was subseuently r€ruted by !nnan. Hirst and Manners 
(1965a). 
Of the seven samples of laminarin, samples Nos. 1 a& 3 were shown 
to contain only glucose and mannitol with the two solvents. Moe. )-, 1 ,7 and 8 
contained small cuantities of fuooae as an impurity. Fuooidi.n has long been 
known (Kylin, 1915) to exist in the brown algae in close association with 
laminarin, and L---ucose from this source has frequently been identified as a 
contaminant of laminarin extracts. Sample No.2 contained an uncharacterised 
impurity which produced a pink spot on development with aniline phthalate 
spray reagent, and which had a chromatographic mobility identical with that of 
arobinose (R 	2.1 in 9/3/1 and It C = 1.5 in 1W31]14). This was also 
considered to be an artefact of thxtraotion. Mannose was not detected 
in any of the hydrolysatea. 
Hexose content. 
The hexose contents of the seven samples were in the anticipated range 
Figure 9. 
The degree of branching of laniinarin. 
INSOLUBLE 	- - SOLUBLE 
Mannitol DP TT Branch Points 1 Mannitol 	DP CL Branch I 
Sample 	I  per mol. () per mol. 
No.1 	 3.7 18.1 18.6 nil. 
No.2 	 2.9 18.8 19.4 nil. 
No.3 	 3.7 15.7 14.6 0608 
No.4 	 3.0 17.9 17.1 0005 
No.6 3.0 25.5. 9.6 1.7 
No.6 3.0 25.5 10.0 1.6 
No-7 2.5 26.4 6.1 3.3 
No-7 2.5 26.4 7.0 2.8 
No.8 3.0 31.0 10.8 1.9 
N008 310 31.0 907 2.2 
B.B.2 	 2.8 21.0 18.3k 0.15 
Borax 	 2.9 20.8 17.4 0.20 
L.oagoharina 2.7 28,0 10.4 1.7 
The chain-length value for laminarin, B3.2 was provided by ttnnan (1964). 
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95.0) after a correction for rlucose 1oo during )ro],ysia had beet 
inoorporatsd into the results. Control uxpsa'imsnts conducted on gluooae a]wed 




It has been estth1j}iod (/izereon, Hirst ana Abwnwvs 1957) that the 
poriodato oxidation of leatnrin in the dark at 20  restricts oxidation, to the 
imnitol residues and non-reducing eod.gxoupe* ztiantion of the foz1!ie1deh'de 
released under these conditions provides, thoreiore, a method of &iturrnining 
the amnnito3. content. The mrtnnitol oonte (Fig. 9) of the .up1es of laminas-in 
investigated all fell w.t1iiii the expected rvnga (295 to 3 • 7) • No significant 
&tffer.nse was observed between the soluble end insoluble species. It therefore 
appears that the solubUity thai-acteriatioa of 1aaijrin do not depend on the 
awmitol content, deaptte the observation Anderson, Hirst and Manners s 1957) 
that one aple of soluble laadrmrin contained a higher proportion of mennitol' 
the 
tenninated chains then did one sanpie of/insoluble form. 
229M at  Pomeriatiozi. 
Glancy eaI Whalen (1959)  found that the parioclate oxidation of 
laainaribiitol under very dilute ocutiticns produced one solar proportion of 
rozaoldelr.yd.. This observation has been oonfirnsd by inrn (i%.) who also 
aln4 d that this observation held true for higher nflo and polyeaoobaridea, 
thereby offtjjl)g a means of estimating the aver.gs degree of po3.yauri*atLon 
(iv) of the w1ecu]a. 
The fbrmsldahyds reles4 by the oxi1t.on at ' 
reduced lealnerin with 1.40 a I sodia aetapariodate was estiasted and the 
£.grs. of polyaerisation ware calculated from the reciprocals of the 
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formaldehyde release expressed in ao1'anh.ydrohexoae residue. The results 
tabulated in Pig. 9 do show a '1l difference between the inBoluble and 
soluble lAlIinarin5, the former having N values of 15 to 21, and the latter 
of 26 to 31, assuming the release of one molar proportion of formaldehyde from  
ecoh of the mannitol -termjrted Pnd sorbito]. -terminated molecules, Insoluble 
Borax 3aainarin and soluble L. aacoherina laminarin were also found (Jtnnan, 1964) 
to have degrees of polymerisation of 21 aM 28 respectively. 
These results are in close agreement with those of most previous 
vrkera on individual samples, although one outstandingly different value 
was reported by Broatob end Crc ezod. (1956) who O1.LiSM S IDT of 58-65 for a 
sample of fractionated 1iam-k.zb*.ted ]aminarin. However, this figure now 
appears to be in error, as further studies (Manners, private ooimnuniotion) on 
this particular sample showed the FP to be within the normally accepted range. 
Percival and Jiosa (1951) reported that the degree of polymerization of soluble 
laminarin (2 30) was higher than of on insoluble species. 1 riedlaendier, Cook 
and Martin (1954.) also attempted to correlate the different solubilities of 
leminarin with the , and obtained values of 2132 for soluble and a 21 for 
insoluble forms. 
It must, however, be concluded in agreement with theae workers t that 
the difference in DP between the soluble and insoluble apt cies of 1mincrin 
is not sufficient in itself to explain the difference In solubility of these 
samples. 
Chai Xkrjegdh WA Deee of Banohing. 
It has been established (Anderson at 219 195 ) that, under primary 
oxidation conditions, formic acid is released fror 1aminr'im as follows 
67. 
C-chains - 1 mole from the non-reducing end. 
U-Chains - 1 mole from the non-reducing end + 3 mole from the 
mannitol residue. 
Further confirmation of this has been provided (Annan 1964) and it 
was reported that oxidation with 7Mcneriodate is required to obtain 
quantitative results, since only a limited excess of per-Iodate allows interfering 
side reactions (Manners and Wright, 1961) to gain prominences 
Liin1nr±rin was oxidised at 2° with 75 mM-sodium raetaperiodate, The 
mannitol contents of the samples had been estimated, and hence the formic acid 
released from the terminal non-reducing residues alone could be calculated. 
Since this is quantitatively 1 molar proportion per chain, the average chain 
lengths () of these samples were found, and compared with the previously 
established N values to aeteruine the degrees of branching. The results 
(Fig. 9)  provided unambiguous evidence of a structural difference between the 
soluble and insoluble forms. 
Five samples of insoluble laminarin (four laboratory preparations from 
L. hyporborea and one commercial preparation - Borax Luninarin) had 	values 
of 15 - 19, whereas the 	values ranged from 16 - 21. These samples were, 
therefore, essentially linear, or, more accurately, had a very low degree of 
branching ranging from 0.0 to 0.3 branch-points per molecule. By contrast, four 
samples of soluble laminarin (two from L. d.igitata, one from L. saocharina and 
one from Fucus aerratus) had M values of 7 - 10 and 3P values of 26 - 31. 
These figures, therefore represent a degree of branching of 1,7 to 3.0 
branch-points per molecule for the soluble form. 
These results have been amply supported in the literature. The 
(3-1,6-linked oligoeaccharidea isolated by Peat and his co-workers (1958 b) 
from partial hydrolysates of laminarin, although accounting for only a 
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small proportion of the total polysaccharide, were in greater evidence in the 
soluble species than in the insoluble torn, Anderson et al (1958) established. 
a DP of 24 and a CL of 23 for insoluble laminarin. Beattie, Hurst and Percival 
(1962) found that another sample of insoluble Lminarin had a DP of 21 and a 
CL of 17. Annan, Hirst and Manners (1965b) examined laminarin using these 
techniques and found a 	of 24 (this has now been re-determined as 21) and Iff 
of 19 representing a degree of branching of 0.2 - 0.3 for insoluble laminarin 
B.B.2, whereas L,aaooharina laminar-In had a DP of 28 and 	of 11 representing 
a degree of branching of 1 9 6. 
On a statistical basis, therefore, insoluble laminarin is essentially 
linear whereas the soluble species has 2 - 3 branch-points per molecule. The 
sample extracted from L, sacoharina laminarin, with a degree of branching of 
1.6 - 1.7, is at the lower end of the scale of soluble lmn1niirins examined. 
This may indicate that a gradual transition occurs in Nature between the 
forms occurring in different algae, and that when more samples have been 
extracted from different species, a wide spectrum of lmiriarin polyaacoharides 
ranging from linear insoluble species to branched soluble species may be found. 
Furthermore, since the linear molecules exhibit ])P values of approximately 10 
residues lees than the soluble samples examined, it is likely that the former 
represent an intermediate in the biosynthesis of the larger and branched 
molecules. 
If this is the case it follows that the average length of the side-
chains in the soluble forms lies between 3 and 5 residues. The linear 
molecules can compact more aog&yand hence resist solution, whereas the 
69. 
presence of .ide-chainR forces the molecules further apart, allowing the 
solvent to penetrate more easily and effect solution. 
Aaa&sis of Fractionated Insoluble Laminarin. 
Since a very low degree of branching (0.2-0.3 branch-points per 
molecule) has been established for laminarin B. I • 2, implying that the 
majority of the molecules are linear, the distribution of the branch-points 
was investigated using various sub-fractions which had been obtained by 
precipitation and dialysis (Fig. 7). The 	and 	were again determined; 
Sample. DP CL Branch-points per molecule. 
Laminarin B.B.2 24.0 18.3 0.3 
Fraction A (precipitated) 21.0 15.9 0.3 
Fraction C (non-precipitable) 16.7 20.2 nil 
Fraction E (d.ialyaable) 19.5 18.8 nil 
Fraction F (non-dialyaable. 22.8 15.6 0.5 
The figures for laminarin B.B.2 were supplied by Dr W.D. Annan. The DP of the 
sample was re-determined and gave a value of 21.5 and hence a degree of 
branching of 0.2. No value was obtained fr' the DP of Fraction A. but, since 
the physical properties of this material reemb1ed those of the original 
laminarin, the same 	was tentatively a.,6 i,ned to it. 
The material which spontaneously precipitated from aqueous solution 
had substantially the same degree of branching as the original sample of 
lRminirin, whereas the non-precipitable lazninarin was linear. The dialysable 
fraction was also linear whereas the non-dialysable material had a slightly 
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greater degree of branching than the original sample. Since l,imirurin B.B.2 
analyses for the presence of 0.2 - 0.3 branch-points per molecule, it follows 
that most of the molecules are linear, and that only aa 25 contain an average 
of one-branch point per molecule. The present results indicate that some of 
the linear molecules are dialysable, and that the non-dialysable material, 
although containing a greater proportion of branched molecules, still has a 




THE SITE OF 1,6—LINKAGES IN SOLUBLE LAM.INARIN. 
Experimental 
In order to distinguish between (3-1,6-inter-residue and (3-1 9 6... 
inter-chain linkages, a sample of soluble lmn{narin (Sample No.6, S .L.5) 
from L • d.igitata was subjected to the Smith degradation (Smith and Montgomery, 
1959) involving the sequence of reactions - periodate oxidation, borohydride 
reduction and mild acid hydrolysis, with subsequent gel filtration of the 
products (Annan, 1965). 
Smith Degradation of Soluble Laminari. 
Periodate oxidation. 
Laminaritol, S.L. 5 (0.59), which had been prepared by borohydrid.e 
reduction of laminarin No.6 (Chapter III), was dissolved in water (25 ml) 
and treated with sodium metaperiodate solution (0.3 g ; 6 ml) to give an 
oxidation mixture of approximately 0.25 M with respect to periodate. The 
oxidation was allowed to proceed at 20 in the dark for 7 days with mechanical 
ehald.rig. The oxo-pclysaocharide was recovered using the method of Sloan et 
al (1954.). 6 N-Hydrochloric acid. (2.75 ml) was added, with rapid stirring, 
followed by potassium iodide solution (1.7 g ; 1.25 ml). The mixture was 
poured slowly into cold. etharol (10 vol) with vigorous stirring, and the 
precipitated polyald.ehyd.e was collected by decantation and centrifugation. 
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Your washes with 9 ethanol were applied with subsequent centrifugation, and 
the product was dried in vaouo over phoaphorom pentoxicle. 
Recovery = 0.26 g = 52% 
Borobydrid.e reduction. 
The oxopolyaacoharid.e was dissolved in warm water (22 ml) and the 
solution cooled to room temperature. Potassium borohydrid.e (0.1 g) was 
added, and, after shaking for 24 hr* a further addition (0.05 g) of potassium 
borohydride was made. After shaking for a further 48 hr, the mixture was 
neutralised with glacial acetic acid, to destroy excess borohydride, and 
added slowly with stirring to ethanol (10 vol). The Whites flocculent 
precipitate was collected by centrifugation, washed with methylated spirits 
and dried in vaouo over phosphorous pentoxide. 
Recovery 	= 0.19 g a 73% 
Overall recovery 	= 3 Ww of the original sample, 
calculated on a wet basis. 
This product has been described in the subsequent experiments as the 
"laminarin polyaloohol" (as distinct from the original ].mina.rito1). 
Total acid hydrolysis of laminarin polyaloohol. 
Laminarin polyalochol (52 mg) was hydrolysed with 0.3 N-sulphuric 
acid (6 ml) at 1000 for 18 hr. conditions which should result in complete 
hydrolysis. The hydrolysate was adjusted to pH 4.0 with 0.5 N-sodium 
hydroxide, and evaporated under reduced pressure at 40 0  to a small volume 
(ja 10 ml). 
Mild aoid hydrolysis of laminarin polyaloohol. 
Laminarin polyaloohol (46.7 mg) was dissolved in warm water (13 ml). 
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The solution was cooled and hydrolysed with 0.3 N-sulphuric acid at room 
temperature for 20 u. The bydxlyaate was adjusted to pI*40 with 0.5N-sodium 
hydroxide. 
Gel Filtration. 
Gel filtration of laminar-in polyaloohol. 
A column (156 nil) of Sephadex G-50 (medium grade), which separates 
oligo- and polysacchari&es in the range of P 6 to 60, was packed and prepared 
as described in Chapter II. Laminarin polyaloohol (30.5 mg) was dissolved 
in water (5 ml), applied to the column, and washed into the Sephadex with two 
further additions (5 ml) of water. The column was eluted with water at a flow-
rate of ca U ml per hr., the eluate being collected automatically in fractionS 
of 5.1 ml. 	
/ 
Thehexose content of the column fractions was estimated by the pheno]/ 
Sulphuric technique of Dubois at a]. (1956) on aliquots (1 ml) of suitably diluted 
eluate. The optical densities of the fractions containing the bulk of the 
polysaccharide were corrected to give a direct comparison with those of the more 
dilute samples. The course of the elution was also followed by qualitative 
paper chromatography on bulked fractions (batches of five ordinary fractions). 
After evaporation to a smell volume, these fractions were examined using 14/3 
solvent and silver nitrate spray reagent. The elution pattern of the laminarin 
polyaloohol is depicted in Fig. 10. 
Recovery of polyalcohol = 25.7 mg = 88% 
Gel filtration of the totel acid hydrolysate of laminarin polyaloohol. 
The total acid bydrolyaate was applied to the washed Sephadar 
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column in the uaual way. The solution was again followed by determination 
of the total hexose content of column fractions and by paper chromatographic 
analysis of concentrated bulked fractions. 
Recovery - 30.4 Ri - 59$ 
L filtration of the MIN acid hyiro]seate of laainai'ir* DOlyslOOhOl. 
The mild acid hydrolyante was ohromatographed as before, the flow- 
rate through the Sephadex column having fallen to 7.9 ml per hr. The eluate 
was analysed in the usual way. 	The elution diagram is shown in i'i. 10. 
Recovery a 33,7 Ri a 780 
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Discussion. 
Since Peat, Whelan and Lawley (1958 b) demonstrated the presence 
of a 'm*11 proportion of P-1.6-linkages in laminarin by the isolation of 
gentiobiose and other 1,6-linked oligoaaocharid.es from partial acid hydrolysatea 
of both insoluble and soluble species, severel workers have attempted to 
establish whether these occur as inter-residue or inter-chain linkages. Peat 
and his oo-workers suggested that these could occur as inter-residue linkages, 
since no 3, 6-ai ---gluoosy1---glucoae, an oligoaaocharide which might be 
expected to occur if branch-points were present, was found. However, a 
small proportion of this oligosaocharide has since been tentatively identified 
(cheaters and Bull, 1963)  in enzymic hydrolyaates of laminarin. Peat et al 
found that 1,6-linkages were more prominent features of soluble than of insoluble 
laminarina, although a proportion of the mall yields of gentiobiose obtained 
could have been derived from synthesis by acid reversion (Peat, Theism, Edwards 
and Owen, 1958). 
Unrau (1959)  and Beattie, Hir.;t and Percival (1962) considered that 
the 1,6-1inkaEes occurred in the main chains of the molecules, on the basis that 
a small amount of 2,3,4,-tri--niethyl--gluooae was identified in hydrolysates 
of methylated laminarin. Smith and Unrau (1959b) cited further evidence for 
inter-residue 1,6-1 nkes from studies on Smith-degraded laminarin. On the 
assumption that the mannitol residues of iaminarin were 1.2-di-substituted 
(Goldstein, Smith and Unran, 1959), and hence did not produce ethylene glycol 
when the polysaccharide was subjected to the sequence of reactions - periodate 
oxidation, borohydride reduction and total acid hydrolysis (Fig.2), it was 
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claimed that the identification of ethylene glyool from a second Smith 
degradation followed by total acid hydrolysis demonstrated the presence of 
1,6-inter-residue linkages (Fig. i). 
However, substantial evidence against the presence of 1,6-inter-
residue linkages has also been reported. Hirst, O'Donnell and Percival 
(1958) could not isolate dielysable material from laminarin which had under-
gone a Barry degradation, a process which would have fragmented the 
polysaccharide at the sites of any 1,6-inter-residue linkages. Anderson, 
Hirst, Manners and Rosa (1958)  were unable to detect 2,3,4-tri..9-methyl 
glucose on methylation analysis of laminarin, and, therefore, suggested that 
all the 1,6-linkages occurred as branch-points. Annan, Hirst and Manners 
(1962 z 1965a) demonstrated that ethylene glycol was, in fact, formed by the 
Smith dgrad.ation of lejninctrin, oorftrming that the mannitol residues were 
1-substituted, and, at the same time, invalidating the conclusions drawn 
by Smith and TJnrau (1959  b) that the ethylene glycol produced by a second 
Smith degradation was formed from 1,6-inter-re8idue linkages. 
Annan, Hurst and Manners (1965 b) went on to prove conclusively that 
all the 1,6-linkages in insoluble laminarin were present as inter-chain 
linkages. It was demonstrated that insoluble laminarin was not fragmented 
when treated by the Smith degradation, a process which would cleave the 
molecule at the sites of 1,6-inter-residue linkages. Column chromatography 
using Sephadex G-50 gave the same elution pattern before and after the 
degradation. Furthermore, periodate ox lation of the degradation products 
showed that no 3- sub atituted--glycerol -esidues had been formed from 1,6-di- 
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substituted residues (Fig-4). In addition 2,3,4-tri-0-methyl--glucose 
was bmmd absent from the methylation. awlyaia. 
It has, therefore, been shown that no inter-residue 1,6-linkages 
occur in insoluble laainarin. Furthermore, it has also been shown 
(Chapter III) that soluble laminarin, which contains a greater proportion 
of 1,6-linkage3, is more highly branched than is insoluble laminarin. The 
next logical step was, therefore, to determine whether soluble laminarin 
contained any inter-reidue 1,6-linkages in addition to these inter-  
chain residues. The sequence of reactions - periodate oxidation, bore-
hydride reduction and mild acid hyrolyais, which constitutes the Smith 
degradation procedure, cleaves 1,6.-Lnter-residue linkages but does not degrade 
3-substituted residues. It follow that, if any 1,6-cli-substituted residues 
were present in soluble laminarin, the Smith degradation of these would 
result in the production of lower molecular weight material. Any such 
f aginent&tion of the polysaccharide would be detected by gel filtration 
using a molecular sieve such as Sephadex. 
Laminaritol, 8.L.5, prepared by the borohydrid.e reduction of a 
sample of soluble laminarin, whioh has been shown (Chapter III) to contain 
approximately two 1,6-branch-points per molecule, was converted to the 
corresponding polyaloohol by periodate oxidation followed by borohydride 
reduction. The polyaloohol was chromatographed on a Sephad.ex G-50 column 
which separates oligo and polysaooharides within the range of 	6 to 609 
A portion of the po].yaloohol was then totally hydrolysed and re-chromato'-
graphed. Finally, a portion of laminarin polyaloohol was treated by mild 
acid hydrolysis, a process which completes the Smith degradation procedure 
and which cleaves 
Figure 10 






acetal linkages, but leaves glyoosid.ic linkages intact. This hy:rolysate was 
also chromatographeci. The elution diagram obtained from  gel filtration 
before and after mild, acid hydrolysis are shown in Fig. 10. 
Unhydrolysed laminarin polyaloohol produced a sharp peak between 
fractions 13 and 30 with a AaxImm at fraction 22, and a minor peak, 
corresponding to ca 1 of the total material, between fractions 4 and 10 
with a maximum at fraction 7. Glycerol was not detected in the column eluate. 
Fully hydrolysed 1uninsrin gave a sharp peak between fractions 34 and 4.7 
with a maximum at fraction 4. Paper chromatography showed that a large 
proportion of glucose was eluted between fractions 37 and 47, and that very 
ansi.l quantities of low molecular weight oligosaccharid.ee due to incomplete 
hydrolysis were eluted between fractions 35 and  39. Sephadex chromatography 
of the mild acid hydzolysate provided substantially the same elution pattern 
as did the unhydrolysed polyaloohol, although the minor high molecular weight 
component had disappeared. A sharp peak occurred between fractions 14 and 33 
with a maximum at fraction 25. Glycerol was detected in bulked fractions 14 - 
45 and a trace of this alcohol was also identified in bulked fractions 46 - 50. 
The similarity of the elution diagrams of unhyd.ro].ysed and mild acid 
hydrolysed laminarin polysloohol indicated that no fragmentation of the 
molecules had occurred, and, therefore, t1,-..t there were no 1.6-inter-residue 
linkages in the original sample of laminarin. The slight displacement of the 
elution maximum from fraction 22 to fraction 25 was occasioned by the 
gradual compression of the pecked Sephadex throughout the experiment with a 
consequential decrease in the flow-rate of the eluate. The chromatographic 
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identification of glycerol from the Smith-degraded material demonstrated 
that cleavage of the aceta]. 1 nkages had, in fact, occurred with the formation 
of glycerol from the original non-reducing end-group. The different elution 
diagram exhibited by the totally hydrolysed material showed that the column 
was capable of a clear differentiation between higher and lower molecular 
weight material. 
It is, therefore, concluded that, as for insoluble leminarin, all 
the 1,6-linkages in the soluble species occur as branch-points and that 
1,6-linked residues are absent from the main chains of the molecule. 
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lHXLATION ANALYSIS OF SOLUBLE 
aNARIN. 
Sines raethylation studies of laminarin have led previous workers 
Unrau, 1959; Beattie, Hirst and Percival, 1961) to postulate the 
existence of 1,6-linkages in the main chains of the molecules, a inethylation 
analysis of soluble lpin{narin has been conducted.. Soluble laminar-in has 
already been shown (Chapters III and Iv) to have an appreciable d.egree of 
branching but no inter-residue 1,6-linkages. 
periinenta]. 
Preliminary Methylat ion of L. Sac oharina Laminarin. 
11$tia]. methylation. 
Soluble L. saccharina isainarin (1.998 g on a wet basin) was 
sub jeoted to one Kuhn-Haworth methylation as detailed in Chapter He 
Recovery = 1.617 g a 8$ vlw calculated on a wet basis. 
Itydrolysis and paper chromatography of the products of the initial metbylat ion. 
Methylated L.sacoharina laminarin (5 mg) was hydrolysed with 90 
formic acid at 1000 for ]. hr. After removal of the formic acid by evaporation, 
the product was totally hydrolysed with 2 N-sulphuric acid at 100° for 3 hi', 
The neutralised (barium carbonate) hydrolysate was examined by paper 
chromatography using 200/17/1 and 4/3/5 solvent systems and aniline oxalate 
spray reagent 	The hydrolysis products were : 
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204/17/1 	WVS 	Intensity. 
tetra..ethy1-R.'.gluooae 1100 093 	 + 
triD-methyl-D-gluoose 0.59 0. 	 +4+ 
dithy1'-g1uooae 0118 0.54 	 +4 
aorQ.umethy1.g1ucose 0.02 0.29 	 + 
Continued zaethylatjon of partially methylated L. eaotharina lAm(niirjn 
Dried partirilly methylated material (1.568 g) was further methylated 
using the Purd.ie methylation procedure (Chapter II). The product had a 
metbma oontent of 37.0 by the Zeiaal method. 
Recovery a 1.398 g • 89 
Eptization of methylatid. Migars by hypoiodite t*trstion. 
Moty1ated laminarin was totally hydrolysed at 100 with 90% formic 
acid for 1 hr and 2N-sulphuric acid. for 2 hr. The neutralised, concentrated 
hydrolysate was separated by thick paper chromatography using 4/3/5 solvent. 
Guide strips were sprayed with aniline oxalate reagent and revealed a separation 
of m-0aetby1..u.g1ucoee from unresolved di tn- and tetra-methy1--g1ueoeea. 
Uzw4etklylated glucose was not detected. The stripe oorrespoiding to the 
uncmethy1 fractions were eluted from two papers with water (20 ml) and 
aliquots (5 ml) weze treated with 0-15N-iodine (1 ml) and sodium carbonate/ 
sodium bicazton&te buffer of pH 9.6 (2 ml). The solutions were acidified, 
diluted and satiated with 0.O1N-aodium thiosuiphate as detailed in 
Chapter II. The broad bands of umesolved  methylated sugars were eluted with 
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water (2 x 150 ml), and aliquots (5 ml) were similarly estimated. The 
titrat lone were compared with determinations conducted on blank stripe of 
chromatography paper of appropriate size, Which had been treated with tha 
same sequence of reactions. 
The bulk of the mixture of unresolved components was concentrated 
and re-applied to Whatman 3MM paper. One further development with 4/1,5 
solvent was sufficient to resolve the li-, tn- and tetra-ethy].-g1ucoses 
which were eluted and estia ted as before. The relative proportions of the 
methylated sugars were obtained by direct oomp'riaon of the titration volumes 
after correction for dilution. The composition of the methylated L.saccharina 
laminarin was found to be* 
mono-O-methyl--glucose 	 a 1. V. 	(OMe 37. 0) 
di0-methy1--c1uoo3e 	 = 21.5% 
tr-methyl-L).-L) 	- 67.l 
tetra--methyl--glucose 	a 9.7 
The identity of the fractions was confirmed by paper chromato-
graphy in 200/17/1 solvent using anili ne oxalate spray reagent. 
L 
Dried methylated laminarin (M 20 mg) was niethanolysed with dry 
3% methanolio hydrogen chlorid.eT at 1000 for 20 hr. as detailed in Chapter 
II. The neutralised (sodium carbonate) product was dried and examined 
in chloroform solution by gaiquid partition chromatography on a butan- 
diol sucoiriate polyester column at 1750 . The gas chromatogram, obtained is 






Gas-/liquid partition chromatograms of methylated L. aaccharina laminaxii 
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of the relative retention values with respect to the 3-ethyl glycoside of 
2 ,3,4,6_.tetraeQmethy1_g1uoO8e, 	with those obtained from authentic 
samples and also with literature values. The retention values of the 
methyl glycosides of methylated and partially methylated gluooae have been 
reported by Aapinell (1963)9 and the retention value of 2,3 ,L. ,5 ,6.penta- 
methy1---mannitol was established by Annan (1964). 	The peaks obtained were a 
Retention 	Literature 
Peak, 	Value, Value, _ lostulatad Identity of Component. 
Chloroform. - 	 - 
1 	1.00 	 1 1 00 2.3.4.6-tetra-0-methyl--p-glucose (p) 
2 	1.3 	 1.13 2,3,1,6tetra--methy17J-&.UOOSe (a.) 
3 	2.57 	 2.59 2,3,4,_tri._methyl--g].uoo5O, 
4 	3.20 	 3.31 2 ,4,6..tri-o-methyl--g1uOoBe 
5 	3.67 	( 	 3.67 2,3,4,5,6_penta_methy1lneflnit0l 
(arxVor 
( 	 3.70 2,3 ,L , -tri-)-methy1-g1uoo5e 
6 	4.69 	 4. "Y3 2 ,:- ,6_tri_Q_methy1g1uooBe. 
Paper chroniatopraphy of methylated- L,aaocharina laminLrin (OMe = 3) 
The components of the tri-.inethy1--g1uco&e fraction of rnethylated. 
L.aaocharina laminar-In were further examined by paper chromatography using 
the multiple development technique. Two successive developments with 
200/17/1 solvent, were adequate for the separation of authentic samples of 
2,11. ,,6-  arxI 2,3 ,4.tri_1nethyl__g1ucoae. By this uethod, the trimethy]. 
fraction was resolved into two components - a major one with the same 
chromatographic mobility as the former standard, and a minor one corresponding 
to the latter standard. Another technique which was found to resolve these 
components involved treaking a sample onto Whatman 3MM paper. Spraying 
8 . 
guide strips with ani 1 1  oxalate reagent after one development with 
200/17/1 solvent revealed that the leading edge of the trnethy1 fraction 
developed, a rather more pink coloration then the main portion. Cutting 
this area from the undeveloped, paper and re-running of the concentrated 
aqueous oluate from this strip in 20(4/17/1 provided, a separation of 
2,3 ,4-tri--mothy1-GLCO3O from the con3iclercbly dim jitho5 2,4, 6-trt-
0-methr1s-g1uco.e. 
Further :t1 -1ation of L.Sacchcrina Liiirin. 
a) Smsl l-Soa.e Iiethy1atioii nlysia. 
A portion (0.17 g) of the methy1i.ted L • acch&rina 1aiinarin 
(OMe a 37.(Y) was subjected to three further Purie icthy1ation3. It 
had., therefore, had a total of one Kuhn-Haworth and four ?urdie methyJationa. 
The xnethozyl content of the product, by the Zeisel method was 41.0. 
Recovery = 0.10 g = 6 
A portion of the product was methanolysed and chromatograp hod as 
before. The chromatogram obtained is depicted in Fig. U. The retention 
values of the pecks are tabulated below: 
Peak. 	Retention 	Literature 
Value. Va1ue, 	 Identity. 
1 	 1 1 00 	 LOG 	2,3,4,6tetra-methY1'glUO05 0 () 
2 	 1.40 	 1.43 	2,34,6,tetrameth1 -&.UCO (a.) 
2a 	 2.02 	 - 	unidentified. 
3 	 2.49 	 2.59 	2 
,3 ,4_tri.inethy1--g].uOOae 
3a 	2.72 	 - 	unidentified. 
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Peek, 	Retention 	Literature 	 Idantiy, 
Value Value 
4 	 3.16 	 3.31 	2,4,6ti-0-methylu-gluoose. 
5 
()X 	
3,44 	 3.67 	2 03,4.5 96,_penta_2_methy1._mannito1 
or 
	
( 3.70 	2,3 ,4..tri-.O-methy1--g1ucose 
6 	4,53 	 4,88 	2,4,6-tri--methy1-g1ucose. 
= shoulder, 
Paper chromatography of zauthyiated L,aacoharixia laminnrin (OMe = 
Multiple development paper chromatography in 20q/17/1 solvent 
using aniline oxalate spray reagent detected only one trimethy]. component. 
This had the seine chromatographic ibiity as an authentic sample of 
24., 6-tri--methy1-g1uooae. 
b) Large Scale Methylation Analysis. 
L,sacoharina laminar-In (2.000g) was subjected to one Kuhn-Haworth 
methylat ion, 
Recovery = 1.764 g a a&,';Ww calculated, on a wet basis, 
The metbylated laininarin was then treated with a series of seven 
consecutive Purdie nethylations. After each such methylation the product was 
extracted with chloroform in a 3oxhlet extractor before re-znethylation. The 
final product was pale yellow and had a methoxyl content of 4OA51 1o, This 
was, therefore, dissolved in water and fraotionfly precipitated with 
petroleum ether (B.P. range, 60_800).  The first fraction was yellow, 
and had a methoxyl content of 36.6%.Fraction  II was white, with a. methoxyl 
content of 43.1%. 
Recovery of fraction I - 0.40 g. = 20% (OMe 36.6%) 
Peak 	 6 
cr 5.0 
5 	J 3 	 2 	1 
4.0 	30 	2.0 	10 
I 
zj 
caaI1iquid j,artition ohroaatogras of xnetb.ylat.d Wagabr.rina 1,cinaz. 
Peak 	 6 
86. 
recovery of fraction II - 0.68 g 34. (OMe 43.1%) 
	





The methanolysia procedure used, as a pre)1mfnary to gas 
chromatographic analysis of these fractions, was much simpler and speedier 
than that previously employed, since the stringent precautions which had 
been taken to exclude moisture from the reaction were found to be more 
than adequate. Methylated laminar-In (5-10 mg) was sealed in a glass tube 
with dry 3% methanolic hydrogen chloride (0.2 - 0.5 ml) and heated at 98 
overnight. The product was cooled and evaporated repeatedly to dryness 
with methanol. Ca/liquid partition chromatography was performed as 
before. The gas chromatograms obtains d. from the two fractions are 
depicted in Fig. 12. The retention values of the peaks were: 
Peak. Fraction I Fraction II Literature 	 Identity. 
Value. 
1 	1 000 	1.00 	1.00 	2.3.416-tetra-0-methy1-fl-1ucoae (s) -- - .- 	 a 	
- 	
-- 	r. 
2 	1.43 1.43 1.43 2 93 04 06-tetra-0methy1.g].ucose () 
3 	2.58 2.58 2.59 2,3,4-tri-0-methy1--g].uooae. 
4 	3.29 3.29 3.31 2,4 96-tr1--methy1--.g1uooa. 
( 	 3.67 2 23,4,5,6-penta-'0-methyl-D-mannitol 
3 	3.67 3.66 and/ 
or 
3.70 20 ,4-tri-Q-inethy1--g1uooae 
6 	4.81 4.80 4.88 294,6-tri-0-methy1--g1uoose. 
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The remaining methylation experiments were oond.uctedon Fraction II. 
Cellulose Column Chromatography of Methylated. Sugars. 
Preparation of elution solvents. 
"Analar" n-butanol was refluxed for 1.5 - 2 hr with solid, potassium 
hydroxide ($ w/v). The product was redistilled-, the fraction boiling in 
the range 113 - 1200 being collected. Petroleum ether (B.P. 'ange, 100_120
0 ) 
was shaken overnight with concentrated sulphuric acid (0.5 vol). The product 
was separated and wshed free of acid with water. The ether was redistilled, 
the fraction boiling in the range 100-120° being collected. The solvent 
mixtures which were used for elution were prepared by half-saturating the 
n-butanol then adding the appropriate volume of petroleum ether. 
Petroleum ether/n-butanol 8Q/20 (v/v) was prepared by shaking n-butanol 
(100 ml) with water (100 ml). The organic layer was separated and a further 
volume (100 nil) of n-butanol was added., followed by petroleum ether (800 nil). 
Preparation of cellulose column. 
Cellulose was Itirred in acetone to form a slurrr and poured into 
the column (28 cm x 1.5 cm diem). This was washed with water, petroleum 
ether/n-butanol mixture 50/50, and finally with solvent mixture - 80/20, 
the last composition being that of the solvent with which the column elution  
was to be initiated. The column bed volume was 200 ml. 
Hydrolysis of methylated. L.aaooharina laminarin COMe 21 441. 
Fraction II (0.51i.9 g) of the methylated L.aaocharina laminarin, 
which had the higher methoxyl content, was hydrolysed with 90 formic acid. 
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and then 2N-sulphurio acid, neutralised (barium carbonate), and evaporated 
to cliyneaa in the usual way. The residue was re-dissolved in chloroform 
and re-evaporated to t7ryness. 'eight carbohydrate after hydrolysis (theory) 
= 0.597 g. 
Cellulose column chromatography of hydrolysate. 
The hydrolysate was incompletely soluble in 80/20 petroleum ether/ 
n-butanol mixture. It was, therefore, dissolved in the minimum of pure 
n-butanol and applied to the column. The column was eluted with 80/20 
solvent mixture for several days until All of the tri-Q-.methyl--gluoose 
had been eluted.. The solvent system was then changed to 70/30, 50/50 
and, finally, 100 n-butanol. The column was eluted at a flow-rate of 1505  
ml per hr., a fraction (ca 10 ml) being collected every 44 mm, via an 
automatic fraction oolleotor. 
Paper chromatographic analysis of column fractions. 
.Lvery fifth fraction was sampled, the sample (M 2 ml) being 
evaporated to dryness by passing a current of air over the solution at 
4u0. The residue was redissolved in chloroform and chromatographed in 
200/17/1 solvent, the components being developed with aniline oxalate spray 
reagent, The contents of the fractions were thereby assigned and bulked 
according to the following scheme: 
9 
Bulked 
Fractions Analysis fraction. Solvent, 
0-10 - 
15 	40 2,3,4.,6.'Me 4C I 
45 trace 2,3,4,6-Me,G 2,3,4,6-Me4G 
60-70 - 
75 trace Me3G 
80 Me3G II 
85 - 95 trace Me3C Me3G 80V20 
100 - 
105 trace 2 9,4 9 6-Me3G 
110 - 210 2,,6-Me 3G III 
215 - 245 trace 24,6-Me3G 2,4 96-Me3G 
250-300 
305 - 
310 - 345 trace 
350-4.30 me 2  G 
IV  
435 - 500 
505 - 520 trace M62 50/50 
525-600 - 
605 - 790 - V 100 	n-butanol 
90. 
Paper chromatography of bulked fractions. 
Samples from each bulked fraction were evaporated to dryness, 
redissolved in chloroform, and chromatographed in 200/17/1 solvent using 
aniline oxalate spray reagent. The following components were identified: 
Fraction I : Chromatographically pure 2,3 ,4,6_tetra-methy1g1uco8e 
Fraction II : A mixture of 2,3 	 (major component) 
and 2 ,4,6_tr _Q_methy1.g1uoo3e (minor). 
Fraction III : Chromatographically pure 2,,4,6_tri-_methy1-g1uCO6e. 
Fraction IV : tfr0-methyl--g1uco8e8. 
Fraction V : MonoO-methy1--glUOOSe8. 
one 
Fraction I. II, IV and V were diluted by adding water (io ml) 
to the dried residues. Fraction III, which contained the main tn-
methyl fraction, was dissolved, in water (50 ml). Aliquots (1 ml) were 
estimated by hypoiod.ite titration as detailed in Chapter II. The 
weights of methylated augers in the fractions were calculated from the 
expression 
Total sugar a 	V N P mg. 
where E- equivalent weight of methylated sugar, N = normality of sodium 
thio sulphate, v blank titration - test titration, and F a dilution 
factor. The analyses of the fractions were : 
Component • 	V (ml) 	Recovery Dig). 
Fraction I 293,,4,6,-Me4 	 3.76 	44.3 
Fraction II 2,3,4- and 2,4,6-MO3G 	1.04. 11.5 
Fraction III 29406-Me3G 	 4.92 	272.5 
91. 
Component. 	 V (ml) 	Recovery (mg). 
Fraction IV Me 2 G 	
8.03 	83.4 
Fraction V 	MeG 	 1.29 	12.5 
Tote]. recovery 	 424.2 mg a 71 
Identification of fractions. 
Fraction I x 2,3,4,6tetra--methy1--g1uco8e. 
This component was chromatographically pure and had the same 
mobility in 200/17/1 solvent as an authentic sample. It was isolated as 
needle-shaped crystals by slowly drying a concentrated syrup over calcium 




Fraction II : 20 ,14.u.tri--inethyl--g1uco6e and 2,4,6-tx-1--inethyl--gluooBe. 
The components of this mixed traction were identified by comparison 
of chromatographic mobilities with authentic samples, on multiple 
development paper chromatography using 200/17/1 solvent, and also by their 
charactiatic colour reactions with aniline oxalate spray reagent. 
Fraction III : 2.4.6_tri_Q_methyl_-gluooSe. 
This component showed the same chromatographic mobility in 
200/17/1 as an authentic sample. It readily formed needle-shaped crystals 
which had a M.P. of 112-114°  before recrystallisation and 113-115° after 
recryatallation from ethyl acetate. Literature M.P. = 123_1260  (Bourne 
1950). The anilid.e was prepared. (Irvine and Hogg, 1914) by heating a 
sample of the methylated auger with freshly distilled aniline at 1009 
92. 
for 2 hr. The product was concentrated under reduced pressure and 
precipitated with ether. The anilid.e was reoryataflised from ethyl 
acetate. The anilide of an authentic sample was also preparedi: 
M,P. authentic anilide 	U 160-164° 
M.P. anilide from Fraction III a 161-16i ° 
Mixed M.F. 	 a 159-163° 
Literature M.P, 	 162-1660( G.ranichstadton and 
Percival, 1943). 
Fraction IT : Di-O-miyj.D-glucoses. 
The dimethyl gluoosea in this fraction were not fully characterised,, 
but multiple development paper chromatography in 200V17/1 revealed that one 
component representing rather more than half of the mixture, had the 
same mobility and colour characteristics with aniline oxalate as 2 ,4-d.i-
u.methy1--g1uoose. 
raotion V : Mono-0-inethy1--g1uoo sea. 
This minor fraction was not further characterised.. 
Uethanolysie and galiquid partition c1u'owtography of column fractions 
The fractions were finally analysed for purity by methanolysis 
and ga4fliquid chromatography in the us-::!. ay. fractions I, II and III 
were chromatographed on a butan-di.ol sucoinate polyester column at 175, 
and Fraction IV was run on a neopentyl glycol adipate column at 1750 . 
Fraction Y was not examined since all the material had been used for the 
previous experiments. 
93. 
Fraction I oontained 2,3,4,6-tbtra--methyl'-gluCO8e and a very 
wall proportion of 2,3 	 2 ,3,5 ,6-pentauQ'- 
mcthyl--niannito1 could caao have been eluted in this fraction. Fraction 
II contained a little 2,3 ,4 ,6_tetra_Q_mtby1_g1uco$e, and larger 
proportions of 2,3,4- and 2 ,i,6-tri-O-methyl--GluoO3e. 	The ratio of 
peak areas of the latter components was approximately 2 : 1 9 the 2 93 94-
trifr-methyli-&.ucose being the major constituent. This fraction could 
again have contained the 2,3 ,Z, 5 ,6penta-.Q-methyl--mannitol, masked by 
the second 2,3 ,4-tri-O-methyl--g1iLcoae peak. Fraction III shcwed only 
the peaks corresponding to 2,4-,6_tri_0_methyl_-g1UOo8e. Fraction TV* 
aik two peaks, the first with a substantial shoulder on the trailing 
edge, corresponding to mixed di-O-methyl-Q-glucosOs. An appreciable 




Previous workers have, by methylation analysis of lazninarin, 
reported contradictory evidence for the presence of 1,6-inter-residue 
linkages. Such features in a g].ucan can be demonstrated by the 
isolation, on methylation and hydrolysis, of 2,3 ,4-tri-0-inethy1--
glucose, provided that this is not produced as an artefact. Further 
information on the struo.f the polysaccharide can also be obtained, 
since the proportion of 2,3 ,4,6_tetraQ_niethyl--glucose produced gives 
a measure of the average chain-length of the molecules, and hence, if 
the degree of polymerisation is known, the degree of branching can be 
calculated. 
Methylation studies (Barry, 1939) showed that the main product 
from laminarin was 2,4 	 establishing the principal 
polymeric linkage of the molecules to be 10. Connell., Hirst and Percival 
(1950) provided evidence that insoluble laminar-In from L. hyperborea had 
few, if any, branch points, since the 	(ca. 20), calculated from the 
proportion of 2,3 ,4,6_tetraQxnethy1-g1ucOae, was practically the same 
as the N. It was also reported that a proportion of 2,6- and 4,6- di-0- 
methyl--g1uooaS was formed by demethylat ion of 2 ,4.,6-tM-Q-methy1-gluoOSe. 
Anderson, Hirst, Manners and Boss (1958) conducted a inethylation analysis 
of insoluble laminarin from which they calculated a CL of 23 from the 
proportion of 2,3,4.,6_tetra_Q_methyl_g1UOO5e formed. 	A 3P of 21+ 
wasdeduced from periodate oxidation studies. It is, therefore, apparent 
95. 
that this sample again exhibited a very low degree of branching. Anderson 
at ci, however, did not arrive at this conclusion, since a DP of 58-65 had 
been reported (Broatch and Greenwood, 1956) for a sub-fraction representing 
70-80% of insoluble laminarin, and this figure was assumed to be correct in 
preference to that obtained from periodate oxidation. However, it now appears 
certain that the higher figure was in error, since the 	of 24 agrees closely 
with the range of values which have been established (Chapter III) for insoluble 
laminarin. Anderson at ci could not find 20 ,4-tri-0-methy1--g1uoo5e in this 
sample, and therefore oono1d.ed that 1,6-inter-residue linkages were absent. 
In contrast, unrau (1959)  reported 20,4-tri-Q-methy1--c1ucoBe from 
a methylation analysis in which znethanolyais and hydrolysis had been 
accomplished by refluxing the methylated polysaccharide with 1.5% methaholia 
hydrogen chloride for 18 hr, followed by evaporation and treatment of the 
residue with boiling N-hydrochloric acid for 24 hr. However, it has since been 
established (Croon, Herratr, Kufl and Lindberg, 1960) that both of these 
procedures, and particularly the latter, tend to demthylate the material. 
Annan, Hirst and Manners (1965b) did not detect 20 ,-tri--methy1--gluoose 
by gas chromatographic analysis of a sample of methylated laminarin which had 
been methanolysed using conditions which had been demonstrated by Croon et ci 
not to produce degradation. Furthermore, Manners and his collaborators were 
able to show that, when the methanolysia procedures and hydrolysis conditions 
employed by Urzrau were applied to authentic, chromatographiocily pure 2,,3,.4,,6- 
lbettz-0-methyl-LD-gluoose,, some mixed tri'Q-xnothy1--:a 	sea, and a trace of 
di-methyl-P-gluoo sea, were formed by hydrolytic demethylation. 
Although these experiments cast doubts upon the validity of the 
conclusions regarding the presence of 1,6-inter-residue linkages based on Unrau' a 
identification of 2,3 ,4.-tri-0-methyl--glucoSe from laminarin, this sugar (7%) was also 
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erted by Boattiep Hirot and Percival (1963.) Using methods which vex's 
above suepcion with rofsz'suoe to the fCzwztion of this product by 
drolytio de.stq3atio". The methoxyl oontent of this e.sp3a was rot 
dstex'aid., but it was postulated that the 14nnrin was fully.'sethylatSd 
since a tetra m.thyll-ØluoosS content of 596 was obtained x'eprsasnt&ng 
a chain-length of 17, in comparison with * W of 21 by periodate acidation 
studies. Horiiar, it asses probable that, in any event the terminal 
r..iu.s which give rise to 2,3,,6t.tre -sethy3.--g1uOoes would be a 
readily available for aethylation than the non-terminal residues. /part 
from this, it seems a wary dubious procedure to et.zvinc the extent of 
aetbylation of a sample by reference to the t.treQ ethylD"gluOoeS content, 
whn the aethylation enslysis is being conducted in an attempt to distinguish 
betseib 1,6.1renah.pointa or 1 96.int.r-rssidue linkaess, since it follows 
that uncertainty concerning the dupes cC branching renders predictions 
of the t.trs_msthy1R&.uoOes content impossible. 
Having s1 	(Chapter Iv) that 1,6..int.r-residnc linkages are 
absent in soluble laminez'in, a ta'ther aet)Wlation analysis has been conducted 
on JL . Aftodharim l'mi aria, in an attempt to explain the findings of 
Bsatti• A  g, sines these constitute the only roudning evidence for 
such 1iiges which has not been shown to be f11 aiicus. club 
L • eoaheri laminermn was selected for this analysis since it has been ,  
shown (&h iptsz" II) to hay. a dsp.e of branching of 1.6 to :,7 in .gr.nt 
with previous workers (An.n, flint and Xennera, 196) • urther 
ooboration of these figures could, therefore, also be provided from the 
ithy].ation etudie. 
A pr1imLrz J-:11 :2cthy1tiofl p-oo.ucea j ouot which 
s shown by paper chromatography to be under-methylat-ed by the detection 
high proportions of ir eth dimethyl gluooaes. Further methy]..ation 
Lelded a product which had a methoxyl content of 37.0 1,' ,.compared to a 
aeoretioal maximum of 15.6. i!ypoiodite estimation of this material 
rovided a 2,3 ,4. ,6_totra__mothy1--&UCO8e content of 9. 7 representing 
chain-length of 10 glucose residues, in good i,reoment with the figures 
btained by per-lodate oxidation studies (Chapter III). By comparison with 
he UP of 28 which has been eatablishad for this sample, a degree of 
ranching of 1.7 was, therefore, indicated, i.e* the molecules contain, 
n the average, one or two branch points. 
Ga/1iquid partition chromatography revealed a small but significant 
roportion of 2,3 ,4-trOmethyl--9lUcOSe. This component producee two peaks 
retention values 2.59 and 3.70 respectively with respect to the (3-methyl-
:lyooeide of 2,3,4. ,_tetra_ -methyl -glugcse on a butan-d.iol auccinate p0? 
rester column. The second peak closely follows, and can be partly masked 
y the 	 peak of retention value 3.31. If a 
Large proportion of the latter is present, the 2,3 ,4.tri-metbYllUOO8e 
omponent forms a shoulder on the leading edge of this peak. Furthermore 
bhe seoond. 2 ,3 ,4.tri_mot}1ylj_glUOOa6 peak coincides with that of 2,,3 94,,5
96- 
Denta-O-methyl-E- mannitol, vhich has a retention value of 3.67 (Annan, 1964). 
Et is, therefore, apparent that the second peak provides an inadequate 
measure 
Df the presence of 2,3 ,4_tri.methy1--&.u0O58 in laminarin, 	However, 
97. 
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the first peak due to this sugar is completely separated from the other 
methylated derivatives of laniinarin, and this, therefore, pr ovided  
unambiguous proof of the presence and relative concentration of 2,3 ,4--tri-
O-methyl-D-glucose. 
Paper chromatographic PxlRlyeiS of iaothylated larninarin (OMe = 
37.0) also provided evidence for the presence of this sugar. Multiple 
development chromatography in 200/17/1 solvent system produced a 
a3paration of the trimethyl fraction, enabling 20 ,4triOrxiethylD-
glucose, which develops a pinker colour than 2 ,4.  ,6-tri-0-metbyl-D-glucoae 
with aniline oxalate spray reagent, to be identified. These components 
were also reaoltable by thick paper chromatography. In this method, the 
leading edge of the trimethyl fraction, as indicated by the development 
of guide-strips, was out off, eluted and re-ohromatographed in 204/17/1, 
thereby greatly reducing the prportion of 2 ,4. ,6_tri_methyl-g1ucoSe 
and enabling a complete separation of this and the 20,4--derivative to be 
achieved. So far, therefore, the results of the methylation analysis on 
the incomp1et]-y methylated polyaaooharid.e were in agreement with the 
findings of Beattie, Hirst and Percival (1961). 
A small portion of this partially methylated material was further 
methylated to give a product which analysed for a methoxyl content of 
4.1.0%. Gas/liquid partition chromatography of this sample showed 
only a trace 	peak of retention value 2.49 corresponding to 2.3,4- 
tri-O-methyl-~-glucose., furthermore, this sugar could not be detected 
in the sample by paper chromatographic analysis. The 20 ,4--tri-2-methyl 
i-glucose ooniponent, therefore, decreased as the methoxyl content of the 
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laminarin was raised, suggesting that, in this methylation analysis, and 
in that of Beattie et al (1961), it was an artefact of under-methylation 
and of no structural significance. The relevant gas chromatograms are 
depicted in Pig. 11. 
A large-scale methylation of L • saccharina ccharin laminarin was then 
performed. The product was isolated in two fractions; Fraction I had a 
methoxyl content of 36.65 and Fraction II of 4.3.1%, It was again 
demonstrated by comparison of the geta/liquid partition chromatograms of 
these fractions (Fig. 12), that an increase of the methoxyl content 
resulted in a corresponding decease in the intensity of the 2 ,3,4-tri-Q-
methy1-glucoae peak, the fraction of higher methoxyl content exhibiting 
only a trace of this component. It, therefore, seems certain that a further 
increase in the methoxyl content towards the theoretical maximum would 
result in the complete disappearance of this sugar. Some reduction in 
the size of the peak of retention value ca 3.67 was also evident when the 
mothoxyl content of the sample was raised, indicating the removal of the 
contribution due to 2,3 	 ,leaving only the 2 93,495, 
6.-penta-0-methy1--mannitol component. It is, therefore, concluded, that 
the 2,3 ,4-tri-..-inethy1---g1ucoBe identified in the sample of laminarin 
examined by Beattie, Hirst and Percival (1961) was an artek ct of under- 
methylation, and hence is not due to the presence ofl,6-inter-residue linkages. 
Hydrolysed methylated L.saocharina 1ml-nirin (OMe = 4.3.1) rae 
fractionated on a cellulose column. The eluate was collected in five 
bulked fractions. 
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Fraction I was shown by paper chromatography and gas/liquid 
partition chromatography to contain almost pure 20 ,46tea_Q_methyli 
-g1uo o se with only a trace of 2,3,4 ,ri-0-methyl-D-g1uoo a. The former 
sugar was isolated in a crystalline form and had a M.P. of 94.-950  in 
comparison with a quoted value of 960 (Bourne, 1950). Hypoiod.ite 
estimation of the tetra_0_methy1__s1uco8e again provided a value of 
9,7,0-c representing a degree of branching of 1.7 branch-points per molecule 
for L.saccharina laminarin. The agreement between this result and the 
figure obtained from the sample with a methoxyl content of only 37% 
confirmed that the tetra-methyl-glucose is not susceptible to under-
inethylation. These residues are positioned at the ends of the 
polymer chains making them readily accessible to the methylating agents, 
in contrast to the residues in the centre of the molecule which are, 
in the main, potential 2 ,4,6tri_O_methy]-p-g1UOo3e derivatives, and 
which are less readily available, therefore proving more difficult to 
rnethylate. Soluble laninarmn may be rather more resistant to riethylation 
than the insoluble species since the presence of side-chains may further 
protect the interior recluea. However, it could equally be argued 
that unbranched. "inaolubl&'molocules can pack more closely together 
to form aggregates, and that the interior residues of these systems would 
this become more difficult to methylate. 
Fraction II of the eluate from the cellulose column contained a 
mixture of 2,3 ,4._tri_Q-iaethy1-glUCO3e and 2 ,4.,6_tri--methy]luOOSe 
in the ratio (by peak areaj of approximately 2 : 1. Since the tote]. fraction 
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analya.d for only 2,Z-. auger by hypoiodits titration, it follovio that the 
proportion CC 2,3,4.1r...-eathy1-gluoo8S was considerably lose than 2 
in contrast to the  value CC % reported by Beattie S1 g (1961) • Tho two 
trinethyl components wars further identified by  spot ohoeatcgrsphy. 
The romminLas three fractions contained h-ooraphios11y 
pure 2,4,6-tri- meth1y1-"g1uooss which was identified as the crystalline 
_____ 	mixture at dtmtbvi. gluooase OOUta1VIirg a proportion (about half4 
of 2,4 	 and mow- et3yl.-r2uooeea r' opetively, 
The dimoth.yl g2uooaee would arias from 1,6-.brenoh-pcinta aM also from 
uzer-nethylation. The a 	thyl4-g1nooaea (3,51 were also a 
feature of undar-asthylation, and it is significant that the proportion 
of theee was in osse of that of the 23,4.'tr1.-eeth.y1.-g1uooae found 
in Preotion II. 
The a.tb.ylation analysis CC soluble L. sacoharina 1oainirin there" 
foz'e oonfiad a to4nimam oh1r-letth of 10 glucose residues indicating 
relatively high degree of branching with at least one 1 i 6s.branthpoiz* per 
molecule as ocmpersd to the insoluble species. 	he proportion. at 
2,3 ,4'.tzi--mctby1--1uoose found In the hydrolysatas dec.-eased as the 
methel content was raised towards the theoretical acxinxa, iMicating 
that this oonent is largely an art.f act Of uMez'-motbylation. The 
results, thorefoze, co'izw the findings (Chapters III we Iv) regarding 




ja ISOLATION OP NJITOLMINAThD OLIGO3itCCILAiIDLS 
0M SOLUBLE LAJIIWTIN. 
1--3--Laminar'ibiosy1ainn1to1 has been isolated (Peat, Whelan 
and Lawley • 1958b) from a partial acid hydxo3.yeate of insoluble laminarin. The 
presence of higher manni tol.4ereinated oligoeaocharidee was also iMioated.. 
These oligoeaooherides were also reported in a partial acid hy&rolyaate 
of soluble laminarin, but these were not examined in detail e  
1--(3--Lnm4niribioayl-mannitol and 1-'j3'laminaritrioayl-fnannitol hav e  
now been isolated and identified from soluble laminarin. 
L~KPOrIMOAW. 
A number of fractions of a partial acid hydrolyeate of soluble 
laminarin Wvia ld.r4ly provided by Professor 1) .J • Manners. Soluble 
laminrin (20 g) was hydrolysed with 0.1 N-oxalio acid (750 ml) at 1000 
for 6•$ hr. The bydrolysate was neutralised (calcium carbonate), 
concentrated, and applied to a oharoosl/oelite chromatographic column. 
3lution of this &lumn with water gave glucose and some low molecular 
weight oligosacoharidea; elution with 4$ ethanol gave a dis1mride 
fraction; 7 ethanol yielded no further carbohydrate components; and 
elution with 1C$ ethanol produced a number of triseocharides. 
I C3. 
Paper chromatographic analysis of hydrolysate fractions. 
Qualitati'v aper chromatography in 104/3 solvent using aniline 
oxalate and silver nitrate spray reagents was pex1ormed in the usual way. 
A fraction described as "laminaribiose" contained almost pure laininari-
biose with a trace of glucose. A further fraction contained glucose, 
laminaritetraose, laininaripentaose, lamiriarihexaoae and trace amounts of 
laminaribiose, laminaritriose and 1-0-3-g1uoosyl-mannito1. A third 
"trisaocMrid.e" fraction revealed a trace of larninaribiose (Rg 0.73), 
laminitrioae (Rg 0.49) and two non-reducing components (Rg 0.29 and 
0.19 respectively). These components are hereafter referred to by their 
chromatographic mobilities with respect to glucose in 10,/4/3  solvent. 
Isolation of the components of the "tri sac charide" fraction. 
The three ma#or components in this fraction (0.2659) were 
separated by quantitative thick paper chromatography in 10/413 solvent 
for three days. Guide strips were developed with silver nitrate spray 
reagent and the corresponding components were out from the undeveloped 
papers and eluted with water. The recoveries of the two unidentified 
components were : 
Rg 0.29 	39.0 mg - 14.7% 
Rg 0.19 a 18.7 mg = 7.1% 
Paper chromatography of the non-reducing components. 
The component of R 0.29 was pure, and only a faint yellow 
coloration was developed with aniline oxalate spray reagent • This spot 
was subsequently densely developed, with silver nitrate spray reagent. 
The component of R 0.19 contained trace impurities corresponding to 
104-. 
laininaripentaose and the other non-reducing compound. This was not 
developed with aniline oxalate. 
Partial acid hydrolysis of the non-reducing components. 
Portions (oa 2 mg) of the two components were hydrolysed for 
1 hr at 100° v'ith 0.44 N-sulphuric acid. The neutralised (barium 
carbonate) hyd.rolye ate was chromatographed using l(4/3, ]2/3/)/4 and 
4/2/5 solvents. The following hydrolysis products were detected: 
lQ/1J3 
Partial acid hydrolysate of component of Rg 0,29 
Component 	 Concentration 	BE 	Standard. 
original 	 0.29 - 
gluooayl-mannitol 	 0.42 	0114 
laminaribiose 	 ++ 	 0.73 	0.73 
Partial acid hydrolyaate of component of R,g 0.19  
Component. 	 Concentration 	BE 	Standard 
original 	 + 	 0.19 	- 
gluooayl-rvmnitol 	 + 	 0.4-3 	0,41 
The components of chromatographic mobility greater than 0930 had 
been allowed to run off the paper to provide a better resolution of the 
oligosacoharides. 
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Partial acid hjth'o1y& 	f component of r.g 0.29 
Component Concentration Standard. 
original 0.08 - 
g].uooayl-niannitol 0.20 0124 
laminaribio8e ++ 0.39 0.4.0 
glucose 1.00 3.00 
mannitol ++ 1.19 1.21 
Partial acid }dro1ysate of oc*ponent of Rx 0.19. 
Component Concentration Ld Stc.ndard. 
original 0.04 - 
Rg 0.29 trace 0,03 0106 
lamlflaritriO8e + 0.13 0.14 
glucosy].-mannitol ++ 0.21 0.24. 
laminaribiose + 0.40 04.0 
].uco$e ++++ 1000 1100 
mannitol + 1.19 1.21 
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4/3/5 
Partial acid hy1x'o1ysate of component of RR 0.29 
Component Concentration Mobility Standard. 
original 
++ * 8 - 
glucosyl-mannitol + R 	 0.68 - 
laminaribiose ++ R 	 1.00 1100 
glucose +++++ 1100 1100 
mannitol ++ R 	1.05 1.06 g 
Partial acid hy-drolyaate of component of Jig 0.19 
Component. Concentration Mobi1.Ly Standard. 
original ++ IL1 0.23 - 
Rg 0.29 trace IL 	0.38 0.38 
laminaritriose ++ B1 0.59 0.58 
gluoosyl-IflRnnitol + R, 0.67 
laminaribioae ++ B1 1.00 1100 
&.UeO8e +++++ R 	 1.00 LOO 
marmitol ++ R 
	1.06 1.06 
1 07. 
'The )/]/5 values quoted are a composite of two chromatographic runs, the 
first being a long run to provide adequate resolution of the oligoaaocharides, 
and these mobilities (R1) are expressed with respect to laminaribiose, 
since glucose was run off the paper. The second was a short run to provide 
R  values for the glucose and mannitol components. 
Periodate oxidation of the non-reducing components, 
Formaldehyde release. 
The component of R  0.29 (12.50 m) and that of R 0.19 (11.25 
mg) were dissolved in water (25 ml) and oxidised with 16 mM-sodium 
raetaperiodate at 00. The formaldehyde release was estimated at intervals 
up to 2)+ hr with the ohromotropio acid reagent and the results were extra-
polated to zero time in the usual way. 
	
Component 	 Formaldehyde Release* 
mole/ anhydrohexose residue. 
0.29 	 0.32 
0.19 	 0.24 
Formic acid release. 
The non-reducing component of R  0.29 (21.1 mg) was oxidized 
with 75 mM sodium metaperiod.ate at 20 , and the formic acid release at 
intervals of up to 24 hr, was estimated, as previously described, by 
titration with 0.0118 N-barium hyrroxide. The results were age-in extra-
polated to zero time. 
foe. 
	
Component 	 Formic Acid Release 




Insufficient of the component of R g 
 0.19 remained to estimate 
the formic acid release. 
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Discussion. 
The two unidentified components of R 0.29 and 0.19 respectively 
in 1Q/1/3 solvent system were not developed by aniline oxalate spray re-
agent, and were therefore non-reducing. Characteristic brown spots, 
similar in colour to that produced by gl'icoayi-maxiniol, were developed 
with silver nitrate spray reagent. Whereas 1-0-p-2 glucosyl-mannitol has 
a slightly lower chromatographic mobility than laminaritriose in 1Q/1 413 
(Rg 0.44 ; 0.49), these components were slightly slower than laminari- 
ttraoae (Rg 0.29 : 0.34) and laminaripentaose (R 0.19 ; 0.21) 
respectively. They were therefore, tentatively identified as 
13minaribiosyl-mannitJ1 (R 0.29) and 1-0-3- laminaritriosyl-mannitol 
(Rg 0.19) respectively. The component which was considered to be 
laminaribioayl-mannitol had a somewhat slower mobility with respect to 
laminaribiose (R1 0.38) in 4/1J5 than that isolated and characterised from 
insoluble laminarin (B1 0.45)  by Peat, Whelan and Lawley (1958 b). 
However, the mobility of standard laminaritriose was similarly diminished 
(B., 0.58 ; 0.65) and, therefore, this uniform change was a result of 
different chromatographic conditions. moreover the products of pa.ial 
acid hydrolysis of both components were entirely consistent with the 
postiiLg ..ed identities, each nonreduoing compound producing the anticipated 
series of laminari-o1ioBacoharideB and mannitol-terminated oligosaooharid.ea. 
These components were further characterised by periodate oxidation 
analyses. The formaldehyde release from the laminaribiosyl-mannitol 
was 0.32 mo1/anhydrohexoae residue compared to a theoretical value of 
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0.33, and corresponded to a DP of 3.1 and a uiannitol content of 32%. 
The formic acid released on periodate oxidation of this component was 
1.27 mo1/axthydrohexoaO uit compared to a theoretical figure of 1.33, 
araicl represented, after allowing for the formic acid produced by the 
mannitol residues, a chain-length of 2.7. The formaldehyde released by 
the second periodate-oxidised component was 0.24 mole/ anhydroheXose 
residue compared to a theoretical value of 0.25, and corresponded to a 
BF of 4.2 and a raannitol content of 24%. These results are 
suinniarised below: 
ormaldehyde - Mannitol Formic .cid. 	 - 
Component Release. 	DP 
mole/axthydro- 
Content. Release. CL 





mannitol 0.32 	3.]. 32% 1.27 	 2.7 
laminari- 
trio eyi- 
mannitol 0.24 	4.2  
Insoluble laminarin was shown (Peat, Whelan and Lawley, 1958b) 
to contain 12-nzx-aubstituted terminal mannitol residues by the 
isolation of 1__laminaribiO5Yl.1nantt0l and 1-73-- Lniinaritrioay1 
mannitol from a partial acid. hydrolysate. These oligoaccharideB have 
now been characterised from soluble laminarin. Di.ub5tituted uiannitol 
oligoaaocharidea were detected in neither experiment, and it is, therefore, 
concluded, in contrast to the suggestion of Goldstein,, Smith and Unrau (1959) 
that 1,2-d.i-aubstituted mannitol residues are !x)t present in laminarin. 
Ill. 
CHAPTER VII. 
SEPARATION OF THE M-CHAINS and G-CHAINS OF 
LA?,aNAJIri. 
Many of the procedures used by Smith and his co-workers 
(Goldstein, Smith and Unrau, 1959; Smith and Unrau, 1959 a: b), from 
which they postulated the presence of 1,2-di-substituted mannitol residues, 
of manise residues, and of 1,6-inter-residue linkages in laminarin, were 
conducted on material which had been separated by bromine oxidation of the 
G-ohains to "laminario acid" and subsequent separation of this by ion-
exchange chromatography from the M-chains ("laminaritol"). Since these 
conclusions have been shown to be fallacious, the separation technique used 
by Unrau (1959)  has been re-examined. A microfilm copy of this thesis 




Insoluble laxninarin B.B.2 (1.30 g) was dissolved in hot water, 
the solution cooled and treated with solid barium carbonate (4 g). Bromine 
(2 ml) was added and the mixture was allowed to oxidise at room temperature 
in the dark for 48 hr, after which time it no longer reduced Yshling' a 
solution, The excess bromine was removed by aeration until the resultant 
suspension was white (2 hr). The mixture was heated to 3O and 
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filtered through Whatnan No. 1 paper, the barium salt residue being 
washed with water. The combined filtrate and washings were evaporated 
under reduced pressure at 45 to a final volume of .ea 20 ml. 
Isolation of M-Chain Material. 
The solution which should contain "laminaritol" an. laminaric acid"  
was passed through a cation exchange column (150 ml) of Amberlite IR-120 (H) 
resins and eluted with water (200 ml) in 1 br, until qualitative pheno]/ 
sulphuric acid teats conducted on the eluate showed only trace quantities 
of carbohydrate material. The effluent was then passed through an onion 
exchange column (150 in].) of Duolite A - 4.( 011) resins. The column was 
aiain eluted with water (3,000 ml) until the eluate had shown, for a 
considerable time, only trace reactions for carbohydrate with the pheno]J 
sulphuric acid reagents. 
The neutral effluent,whioh should contain the M-chain material, 
was evaporated to ca 15 ml, and the polysaccharide was precipitated by 
adding this, with vigorous stirring, to a 1 : 1 mixture (500 ml) of 
acetone and ethanol. The white precipitate was centrifuged,, and the 
super-natant liquor was re-evaporated and reprecipitated. After repeating 
the evaporation and reprecipitation stages until no further precipitate was 
formed, the combined residues were washed with acetone, ether and petroleum 
ether. The supposed M-chain material was dried in vacua over calcium 
chloride. 
Recover 0.15 9 = 11.5%. 
Isolation of G-Chain Material. 
The anion exchange column which should have retained the acidic 
C-chain material, was eluted. with N-sodium hydroxide. After a few minutes, 
the eluate, which had been neutral, became strnly alkaline, pale yellow 
in colour, and gave a strong positive pheno]/aulphurio acid. reaction. 	A 
sample of this yellow e].uate gave a positive test for bromide with silver 
nitrate solution, a grey precipitate being formed which was insoluble in 
conuentrated nitric acid. When the basic effluent showed no further 
reaction with pheno]Isulphuric acid, it was re-chromatographed through the 
regenerated. Mberlite IR-120 (H) column. The eluate was acidic (pH 1.0), 
probably due to the presence of hydrobromio acid. After water (300 ml) 
had beenaeaed through, the eluate became alkaline. Phenolphtha.fl 
was added to the solution being oollected., and elution continued until 
this was neutralised. The remainder of the C-chain material was eluted 
from the column which was then regenerated, and the polysaooharide was 
re-chroniatographed., the acidic eluate again being neutralised with N-sodium 
hydroxide. The combined effluent was evaporated to ca 15 ml and the 
supposed. C-chain material was precipitated and dried as before. Subsequent 
i'epreoipitations of the centrifugatO  yielded only small quantities of 
inorganic material (probably sodium chloride and/or sodium bromide) and 
these were discarded. 
M . 
Recovery 	0.51,g a 41.3% 
114., 
Overall recovery of 11- and G-chain material a 0.69 g = 53.0% w/w. 
Paper Chromatography. 
Total acid hydrolysatea of the M- and G-chain material were 
chromatographed using ]4/3/]/4 solvent and silver nitrate spray reagent. 
Heavily spotted material from both fractions showed the following 
components:  
C-chains M-ohaina Standard 
Rg oonoentration. RS 	ooncentration Rg. 
0.4.0 + 0.38 	++ 0.39 
0.87 + 0.87 	+ 0.85 
1100 +++++ 1.00 	+++++ 1900 
1.21 + 1.20 	++ 1.20 








Some slow-moving acidic components were also observed. A 
considerable amount of strenking of the o}iromatograms occurred. 
Hexose Conbont. 
The total hexose content of the U-chain and C-chain materia3swais 
estimated using the pheno]/sulpburio said technique in the usual way. The 
results, and adjusted recoveries in terms of hexose content were: 
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liexose Content. 	Recovery. 
M-chains 	 67.4% 	 7.7% 
Gcha4nR 	 39.6% 	 16.4$ 
Total recovery 	 24.1% carbohydrate. 
Second Separation. 
Laminarin B.B. 2 (1.272 g) was treated with the same separation 
procedure, with the modification that the bromine-oxidised mixture was 
aerated for 48 hr. to ensure the complete removal of excess bromine. The 
course of the separation was followed quantitatively by pheno3/aulphurio 
acid estimations of the total hexose on suitably diluted aliquots of the 
ion-exchange column eluate fractions, which were collected automatically. 
The columns were e]uted at a flow-rate of Ca 55 ml per hr. The recoveries 
are tabulated below: 
let Run.- aqueous eluate from cation exchange column : U chains + G-chains. 
Weight of polyaaocharide applied to column 	 = 1.272g 
Weight recovered. 	 = 1.1519 
Recovery. 	 = 90.5% 
2nd Run - aqueous eluate from anion exchange column : U-chains 
Weight of U- and G-chains applied to column. 	= 1.143 g 
Weight of M-chains recovered 	 = 0.144 g. 
Recovery of U-chains 	 = 36.0% 
Overall recovery of U-chains. 	 = 32.5% 
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3rd Run - alkaline eluate from anion exchange eolumn: C-chains 
Weight of 14- and C-chains applied to oolumn 
V eight of C-chains recovered 
Recovery 
Overall recovery of 14-chains 
Recovery of M- and C-chains free anion exchange 
oolumn. 
Overall recovery of 14- and C-chains. 
- 1.143 g 
- 0.520 g 
z 45.5% 
- 40. 95 
= 81.5% 
= 73.4% 
4th Run - aqueous eluate from cation exchange column $ G-chains 
Weight of C-chains applied to column 	 z 0.518g 
Weight of C-chains recovered 	 a 0.399 g 
Recovery of C-chains 	 77.3 
Overall recovery of C-chains 
Overall recovery of 14- and C-chains 0 09813 g 	 63.9% 
PreciDitatian of 14-chains and C-chains. 
The separated polyaaooharidea were precipitated as before. 
Recoveries for the complete separation were calculated on a v/w basis. 
The total hexose content of the precipitated 14- and (;-chain, material was 
determined by the pheno],/sulphurio acid techniques, and the recoveries 
for both the complete separation procedure and for the final precipitation 
stage, on the basis of the total hexose content, were also deduced; 
117. 
Precipitation of M-oheina. 
Weight of M-obins before precipitation. 	 0.4119 
Weight of M-chain material recovered. 	 a 0.475g 
Overall recovery (i/w) of M-chain material 	 = 37.0% 
Hexoee content of It-chain material 	 = 69.8% 
Weight of It-chains recovered 	 = 0.331g 
Recovery from precipitation stage 	 = 80.5% 
Overall recovery of It-chains, 	 = 26.0% 
Precipitation of c-chaina. 
Weight of G-chainsbefore precipitation 	 = 0.397g 
Weight of C-chain material recovered 
Overall recovery (s/w) of C-chain material 	 = 33.0% 
Hexose content of C-chain material 	 77.6% 
Weight of C-chains reoovered. 	 = 0.3289 
Recovery from precipitation stage 	 82.6% 
Overall recovery of C-chains 	 25.8% 
Total recovery of It-chains and C-chains 	 a 0.659g = 51.8% 
Parer Chromatographic Examination of It-chains and G-chains. 
After total hydrolysis with 2N-sulphuric acid in the u&ial way, 
the hydrolyeatee of the M- and C-chains were examined by paper chromatography 
using 10/4/3 9 1W31214 0 9/3/1 and 5/5/3/3 solvent systems. Period.ate/ 
permanganate spray reagent was employed to develop the 9/3/1 chromatograms, 
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and aniline oxalate and silver nitrate spray reagents were used with the 
other solvents. The chromatograms showed essentially the same products 
as the as obtained from the first separation. 
Formaldehyde Release from M-CIw.ins and G-Chairia. 
U-chain axd G-chain material (ca 40 mg) from both separations 
was oxidised at 00 with 0.016M-sodium metaperiodate. The formaldehyde 
release was estimated with 	 o4 reagent in the usual way. 
















The procedures used by Unrau (1959) to separate the mannitol-
texininated and glucose-terminated chains of insoluble lasinarin were 
followed throughout with one small modification - the acid eluate from the 
final chromatogphio run of G-chain material through the cation exchange 
resins was neutralised with N.odium hydroxide before evaporation, whereas 
Unx'au concentrated the acidic eluate. This modification was introduced 
since it was considered that evaporation of an acidic eluate could degrade 
the polysacoharide. The procedure involves the bromine oxidation of the 
terminal reducing glucose residues to :luoonic acid residues, and 
subsequent separation of the acidic and neutral fractions by ion-exchange 
column chromatography. 
The first attempted separation resulted in the recovery of 
two fractions which were tentatively assigned as M-chain material and Q-chain 
material. The weights of these fractions represented yields of only 11.5% 
and 41.5% respectively. Ho'xever, the total hexoae contents were 67.4.5% 
and 39.6% respectively, so the total recovery of carbohydrate material was 
a more 24.15. The low hexose contents were probably due to the presence 
of inorganic salts such as sodium chloride and bromide which were co-precipitated 
with the polyaaooharide. The presence of bromide, occasioned by the incomplete 
removal of bromine from the oxidation mixture, was qualitatively demonstrated 
by its reaction ith silver nitrate and nitric acid, and this probably caused 
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the yellow disooloat ion of the C-chain material (which had the lower hexose 
content). Because of the extremely low yields obtained, and the 
contamination due to excess bromine, the experiment was repeated. 
In the second separation, the period of aeration was increased 
to 48 hr. in an attempt to ensure the complete removal of excess bromine. 
The mixture was tested for bromine and found negative after this time. 
In an effort to establish which stages of the procedure resulted in the 
considerable lose of material observed in the first experiment, each 
column elution, and also the final precipitation, was followed quantitatively 
by analysis for the total hexose content. 
The loss of polyeaccharid.e material from the first elution through 
the Amberlite IR - 120 (H) column was 9.50/t, the total loss of M- and 0-
chain material after the aqueous and alkaline elutiona from the Duolite 
A- (OH-) resins was 9.0%, and the lose of 0-chain material from the 
fourth elution through the cation exchange resins was 22.7%. The very 
high loss occurring during the final chromatographic run can be explained 
since less than half of the original weight of the laminarin was applied 
to this column, and hence, if the column retained the same amount of 
material as in the first run, the percentage loss would be more than 
doubled. It appears therefore that betL volumes of 150 ml of these resins retain 
approximately 0.12 g polysaccharide. 	The yield of M-ohains from the anion 
exchange resins was lower than that of the C-chains. This may be explained 
by the observation (Annan, 1964) that alcohols tend to be retained to some 
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tent by etz'oi4 basic ion-zcbaags resne. Provided that w such 
pr.rent .al retention of U...oh'4n material occurs during the slutions, 
a fairly aoourats .atite at the relative proportions of Machams ax 
Gi.chains in inselubis 1iiarin is given by the reotis yields of the.e 
tsria1a ftim the aqueous and a1Irl 4i o1utiona from the Duolit. As4 
(c') ac1n, since losses froi both those oo.ionents sight be expected 
to be uniform at theie stages. Ytiurss are thereby obtained at 449$ 
of M-obeine aM 55.7 of Gacbatna. 'h.se figures agres c104e4 with the 
results obtained by JM.raon, U.trt and Manner. (1957) who suggested, from 
p.riodats oxidation studies that this sample (B.T.2) at insoluble 1&inarin 
was composed of 46$ of Machams and 54 of G-ohoinse 1th11y, the loss 
of carbohydrate material during the precipitation stages was 17,,4%. 
This suggests that now d.gr.dation of the Polysacaharide to loser molsoule 
weight material had occurred during the mi ozchange chromatogrshy, with 
the result that although it was measured as carbohydrate met.rial in 
the on2.sn .luatse, it sea cot all precipitated. The fine" recoveries 
of separated material waz 
U-chains 37.O'w or6. oezbohydrata. 
G-ohains 33. 	/w or 25. carbohydrate. 
Uiwsu obtained a higher proportion of G-chains t&n 4'.*-ohsina j but it is 
clear that the f4i1  recoveries at pOI7SSOChSXI4e 	in3 4 Ice1y to give an 
aoourate measurement of the relative proportions of these ab ain in the 
original laminarin. 	he total overall recovery (5i.) of M- and Opohaine 
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from the second experiment was considerably higher than that achieved 
from the first. 
Paper chromato-raphio examination of the M- nI G-chin material 
showed that degradation had occurred and that complete separation had not 
been accomplished., The C-chain materials contained components with the 
same mobilities in the four solvents as mannitol (+) and glucose (+++++), 
but they also contained components corresponding to rnanrse (+), galactose 
(+), 
 
and laminaribiose (++). 	series of slower moving components were 
e10 developed, the two fastest of which had the sane chromatographic 
mobilities as gluconic acid and gluouronic acid respectively. Moreover, 
these components showed the characteristic colour reactions of gluconic acid 
(brown-yellow) and gluouronic acid (pink) with aniline oxalate spray 
reagent. The slower components also developed either pink or brown-
yellow colorations. The M-chain materials exhibited the same series of 
components apart from g].uoonio acid which was absent. Rather more xnannitol 
(++) was present. Substantially the same results were obtained from both 
separation experiments. All the chromatogi' me showed extensive streaking. 
It is apparent from the paper chromatographic analyses that the 
J-ohains and C-chains had not been satisfactorily separated as the mannitol 
content of the C-chain material was dimished, but not eliminated. Moreover, 
the foxnation of sugars with the R values of mannose and galactose 
by processes which are not yet fully understood, demonstrated that 
considerable modification and/or degradation of the polysaccharide had 
occurred during the ion-exchange chromatography, since these components 
were certainly not present in the original leninarin B.B.2. The formation 
og gluouronic acid was also unexpected. Wilkinson, 	
an and Aspinall 
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(1955) reported that po1yironidwere resistant to hydrolysis, and that 
streaking occurred on paper chromatographic analysis of these compounds 
due to interconversione between the gluouronic acid and the 
corresponding lactones. These characteristics were also observed on 
chromatography of the M- and C-chain materials from both separations. 
A considerable amount of material of slower mobility than , but with 
the same colour reaction with aniline oxalate/ glucuronic acid were 
observed, particularly with 5/3J3 solvent, and streaking did occur. 
An attempt was made to estimate the mannitol contents of the 
separated lii- and C-chains by measurement of the formaldehyde release 
on periodate oxidation at 2 0 
	
The results obtained., after correction 
for the baxost , . :.=tents were: 











These results which correspond to apparent 	values of 6-7 are 
clearly erroneous since the laminarin B.B. 2 had a mannitol content of only 
2.8c (or 3% if hexose content is taken into consideration). The 
formaldehyde release could not have been 	*j 	from the mannitol residues 
alone, but must also have come from degradation products formed under the 
separation conditions. It is noteworthy that Wilkinson ! 	(1955) also 
reported that the presence of polyuronidea gives anomalous results on 
periodate oxidation. 
12. 
Unrau (1965) initially reported the presence of mannose 
in laminarin by the identification of this sugar from separated M- aid G-
chains. It is probable, therefore, that this was likewise formed by the 
modification and/or degradation of the material, and was not therefore a 
structural feature of the original laminar-In. Unrau subsequently 
isolated a component which was identified as manmose from unseparated 
]aminarin, It is significant that this sample had been purified by 
slow elution through ion-exchange resins. It is possible, therefore, 
that thiv sugar is an artefact of the prolonged contact of the polysaccharide 
with strong ion-exchange resins. 
Having shown,, by the detailed repetition of Unrau's procedure, 
that this results in extensive degradation of the polysacchride, with 
the possible formation of macnose as one of the products, and since Uxu'iu also 
obtained mannose in this way, it is likely that his products were likewLse 
degraded. This throws considerable doubt upon the analyttoal results 
which were obtained from "laminaritol" and "laminaric acid" • These 
include the estf.mation of the FF of the 1L-ohain and G-chains as 28-31 and 
17 respectively (Goldstein, Smith and Unrau, 1959); the presence of 
mannose; the presence of 1,6i.inter"residue linkages, since "laminaric 
acid" was reported to be cleared by the Smith degradation procedure to 
form a neutral oligosaccharido and a degraded "1aninario acid" (Smith and 
Unrau, 1959  a); and the further experiments which were reported (Smith 
and Unrau, 1959  b) to have shown the presence of 1,6-linkages in laminarin 
by the Smith degradation of" laminaritol" and "laminerio acid". 
25. 
In conclusion, the unmodified method of Unran for separating the 
N-chains and G-chai ns of leminarin has been shown to be unsuccessful. 
Due to the risks of degradation or modification of the polyaaooliarid.e 
during chemical separation, physical methods may prove more advantageous 
for achieving this. Lewis and Smith (1957) demonstrated a qualitative 
separation of both soluble and insoluble forms of laminarin into two 
components by glass paper electrophoresis. Experiments on such a 
basis, employing different buffers (e.g. tungatate), could lead to 
the discovery of a suitable method for achieving separation on a 
preparative scale. £urthemore, since the degree of polymerisation of 
laminarin molecules j not excessively high, then, if there is a degree 
of difference between the N-chains and G-ohains, and if the spread of 
molecular weights within these components is not too large, a paper 
chromatographic solvent may be found which can separate these chains 
after prolonged Jevelopment. If so, then it would be no difficult 




The fine structure of larninarin has recently been clarified, 
since a considerable amount of contradictory evidence, vhith has been 
confusing the mM n issues, has been shown by finnan (1964) and in this 
thesis, to be fallacious. 
The presence of 1,6-inter-residue linkages, which was 
suggested by Unrau and his co-workers (1959) from Smith degradation 
studies on insoluble laminarin, and on the separated M-chains and 
G-cbMns of l'minarin, and also from the isolation of 2,3 ,4.-tri-Q-methyl-
D-luooae from methylation analyses of these carbohydrates, has been 
shown to be in error. Annan (1964) demonstrated unequivocally that 
the products derived from the Smith t-egradation procedure were 
entirely consistent with a branched structure and not with one which 
included 1,6-inter-residue linkages. At the same time, the other 
contentions of Unrau at al that mannose was a component sugar of laminarin, 
and that the msnnitol residues were 1.2-di-substituted were refuted. 
Annan was also able to show that the 2,3 ,l 4.-tri-O-methyl--g1uooae 
identified by these workers was, most probably, an artefact of hydrolytic 
d.emethylation of 2,3,4 ,6_tetra_metby1g1uoose. 
Following on from Annan' a work, it has been shown in this thesis 
that soluble laminarin does not contain inter-residue- 1,6-linkages, 
127. 
and that the separation of the M-chains and G-chains of laminarin, on which 
much of Unrau' a hypotheses were based., resulted in the degradation of these 
chains with the formation of manncse and other degradation products. 
Furthermore, it has been demonstrated that the 2,3 ,.-tri-O-methy1--gluco se 
identified from methylated laininrrin by Beattie, Hurst and Percival (1961), 
which could not have been fonnetiby hydrolytic demethylation, was, in fact, 
an artefact of uMer-meiy.Lation. The amount of this sugar Mmlsiahed as 
the inethoxyl content of the methylated polyaaooheride was raised towards the 
theoretical maximum. 
All the previous evidence for inter-residue 1,6-linkages has, 
therefore, been invalidated., in contrast to the evidence (e.g. Hirst, 
O'Donnell and Percival, 1r58;  Anderson, Hirst,, Manners and Ross, 1958; 
Annan, Hurst and Manners 1965b) for the presence of 1,6-branch-points in 
lpm{narin. Periodate oxidation studies, involving the determination of 
the average degree of polymerisation and the average chain-length of a 
number of samples of soluble and insoluble laminarin, has demonstrated 
that 1,6-branch-points are present, and that the degree of branching of 
soluble laminarin is appreciably higher than that of the insoluble species, 
thereby accounting for the different solubilities of these polysaccharides. 
Methylation studies have amply confirmed these observations. 
The position of mannitol in laminar in has also been clarified. 
Peat, Whelan and Lawley (l94 b) demonstrated that 1-2-3--  glucosyl-
iwmitol and other 1-2-substituted mannitol oligosacoharides were present 
in a partial acid hyclx'olyaate of insoluble laminarin, and suggested that 
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these also occurred in the soluble species. 1--3--].aainaribiosyl 
InRnnitOl and 1_0-(3_-laminaritriosyl-WlnitO1 have now been isolated and 
identified from a partial acid hydrolysate of soluble laminarin. No 
significant quantities of di-substituted mannitol oligosacoharidea have 
been detected. The terminal inannitol residues are therefore predominantly 
1-2-mono-aubstituted. 
The structure of insoluble laminarin from L. h-yperborea has 
therefore been established. It has a DP of 16 to 21 residues, and a very 
low degree of branching (0.0 to 0,3 branch-points per molecule). It 
follows, that on a statistical basis, approximately 70% of the molecules 
are linear and can, therefore, aggregate, presumably by hydrogen bonding, 
and hence become insoluble. The linear chains are composed exclusively of 
f3-10-linkd glucose residues with the exception of a smnil proportion of 
ninnnitol residues, which occur as 1i-0.mono-subatitutOd terminal residues in 
approximately 6% of the molecules. 
Soluble laminarin from L • ligitata arid L • sacoharina has a 
slightly higher rP of 25 to 31 residues, with an average chain-length 
of 6 to 11 residues, indicating that a moderate degree of branching (two to 
three 1,6-branch-points per molecule on the average) occurs. The 
molecules are, therefore, forced further apart, allowing the solvent to 
penetrate and effect solution* 1,6-1nter-resid.rn linkages are not present 
in soluble laminarin. A small proportion of mannitol residues again 
occurs in some of the molecules as 1..0..mono-subatituted terminal residues. 
A few details of the fine structure of laminar-in remain 
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for investigation. The mannitol-terminated chains and the glucose-
terminated chains have yet to be quantitatively separated by a procedure 
which excludes degradation. TIIIB may be achieved by physical methods 
such as oleotrophoresia or chromatography.  Furthermore, the distribution 
Of 1,6-branch-points between the M- and G-chaina has yet to be established. 
It would also be interesting to determine whether the alcohol volemitol 
replaces inannitol as a terminal residue in some moleules of laminarin, 
since both mannitol and volemitol have been shown (Lindberg, 1956) to 
co-exist in Pelvetia canaliculata, a species of brown algae which 
synthesises laminarin. 
A major field. for new research lies in the metabolic pathways 
by which the in vivo synthesis of laminarin is accomplished.. A tranaf erase 
which catalyses the transfer of -glucose from urid.ine diphosphate D.- 
glucose (UDPC.) to form a -10-g].ucan which yields laminaridextrina on 
partial acid hydrolysis, and which resembles cailose, has been identified 
(Feingold., Neuf old and Hassid, 1958) in higher plants e.g. ining beans, 
parsley, spinach and cabbage. Eu].cna gracilts a protozoo..i which synthesises 
the (3-10-glucan parainylon, has also been shown (Marecha]. and Go].denberg, 
1964) to contain a P-f-1,,3-g1ucan glucosyltrcnsferase. In view of the 
widespread distribution of nucleoside d.iphosphate tranaf erases in Nature 
(Leloir and Card.ini> 1960) it is possible that laminariii iasynthesiaed 
In the brown algae by a specific nucleoside dipho8phate--G1"oo86 
tranaferase; the 1,6-branch-points and maxmitol residues could then arise 
from a branching enzyme and an oligosaooharide-synthesising tranaf erase 
respectively. 
PART II 
THE FINE STRUCTURES OF 
BARLEY GLUCAJ AND LIcliININ 
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CHL!F4R I 
INTRO DUCTI ON 
Structurally related water-soluble glucans occur in lichens and 
in cereals. 	Of the former, the lichenin from Cetraria islandica (Iceland 
To es) h-is been more thoroughly investigated than those from the Indian 
lichens 	nea longiesima and rocco1la jontanei ( littal and jeshadri, 1955), 
and the similar glucans from Evernia vulpina, Usna brbata and 'armelia 
fur 	i.ce (arrer, Staub and Staub, 1924). 	Laeorotatory glucana have 
been identified in maize, rye, wheat, barley and nats (,Preece and ;ackenzio, 
1952b), but only those from barley and oats have received detailed 
structural analysis. 
!.ichenin. 
\ substance waich was named 1icienin vras discovered in Iceland 
oss by 3orzeliaa (]M13). 	An extraction and. purification procedure his 
been described by Reilly, dayes and Drumm (1931). 	The idntificatiofl of 
glucose as the only product of acid hydrolysis established that Vile compuund 
was a glucan (lason, 1886; Ulander and Tollens, 19C6). The 1evrotatOrY 
power suggested that the glucose residues had a -configurattOfl. 	- rrer 
'.nd Joos (1923) noted that lichenin resembled cellulose in many of its 
properties, but was soluble in hot water. 	& further difference between 
lichenin and cellulo3e was demonstrated (i'arrer, Joos and Staub, 1923) by 
the formation,, on acetolysis, of a sialler proportion of octa-acetyl- 
cellobiose from the former. 	nzyn1os vntich catalysed the hydrolytic 
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iegradat.on of lichenin :e:e fund ('arrer, Staub, einh;en .nd Js, 124) 
Ln snail juice, and from extracts of barley in the first eleven days of 
germination (Karrer and Staub, 1924). 	'.'he ability of extracts of 
erminating barley to degrade lichenin is significant since a structurally 
similar glucan (g..) has been identified from this source. '1hen these 
enzymes were applied (rarrer and r,ier, 1925) to lichenin, the hydrolysis 
products included gluc.se , cellobiose, and a new tris9.coh'ride termed 
"lichtotriose' ( 	- _4647 0 ; i.p. of osazone, 78 ° ). 
iCarrer and Uishida (1924)9 by the identification of 
2,3,6_tri_.._methYl--ClUC0Be as the main product of mathyThtion and 
hydrolysis, sho ed that the major linkage of lichenin was 1,4. Carter 
and Record (1939), by osmotic pressure measurements, suggested that the 
DP was in the raxi -e 50-500, as was the chain-length calculated from the 
proportion of 2,3,4,6_tetra_2_mothyl__g1UC0se formed on methylation. 
This observtion suggested that the molecules were probably linear, and 
was supported (Hess and f,auridsen, 1940) by a further mothylation analysis 
in witich end-group determinations gave a CE af 115. 	2,3,6-Tri-2,--nethy1-- 
glucose was ain identified in the hydrolysate, but dirthy1 ucrivatives 
were not found, indicating that the molecules were unbranched. These 
worero suggested that a mixture of 1,1- and 4 9 4-linkages cu1d account 
for the difference between lichenin and cellulose; a difference which 
was aain noted by Haworth (1939. 	A major structural difference was, 
however, demonstrated by Meyer and Gürtler (1947) who identified both 
2,3, 6- and 2,4,6-tri--methyl--glucose from a methy1:.tion study, 
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establis!ing for tAe first time the presence of both 1,4- and 1,3-
linkages in lichenin. 	Teriodate oxidation gave a DP value of 200-360, 
and a proportion of 71 of 1,4-linked glucose residues to 27 -,, ,of 1,3-
linkages. The CL was estimated to be 150-200 glucose residues, again 
suggesting an essentially linear polysaccharide. The relative proportion 
of the two types of linkage was confirmed by Boissonas (1947)9 by the 
chromatographic separation of the triazole derivatives of 2 9 5 9 6- and 
2,4,6_tri--iaethyl--EluCo8e; a proportion of 64 - 72,' of 1,4-linkages 
as 
was calculated. 
Further studies on lichenin were conducted by Chanda, dirst and 
Manxiera(1957). 	A proiortion of ca 70f/' of 1,4-linkages and ca 30',;", of 1,3- 
linkages was confirmed by methylation analysis and periodate oxidation 
studies. These were established as being co-existent in one polyeaccharide 
rather than in a mixture of two polymers, since fractionation and 
de-acetylation of lichenin polyacetate gave a product with the same analysis 
as the original, implying that preferential removal of 1,3-linked material 
had not been accomplished. :oreover, treatment of p,riodate-oxidised 
lichenin with isoniootinhydrazide, followed by the estimation of the nitrogen 
content of the isoniazid derivative, gave similar value for the'--glycol 
content as had been obtained from the untreated polysaccharide. 
Laiitinaribiose wis not formed by the sequence of reactions - per_odate 
oxidation, borohydride reduction and partial acid hydrolysis, and, therefore, 
adjacent 1 9 3-linkages did not occur in the molecule. The products of a 
partial acid hydrolysis, and of enzymic hydrolysis with endo-f3--193- 
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glucanase pre iarations from malted barley and from CiRdophora ruostrie 
(c.f. Duncan, Manners and Ross, 1956), were glucose, oellobiose, iwninaribiose 
and higher oligosacoharidee. 
The products of a large-scale partial acid hydrclysate of lichenin 
were characterised by Peat, Whelan and Roberts (1957). These were glucose, 
cellobiose, larilnaribiose, cellotriose, 42D_laminaribiosyl-D_glucose and 
3-2-j-2-cel1obiosy1-D-g1ucose, and were consistent with a structure composed 
mainly of ceflotriose units separated by isolated -1,3-linkages. 
Laminaritriose was not detected, indicating the absence of adjacent 1,3-
linkages. 	It was also concluded that, since oligosacoharidee containing 
more than two adjacent 194-linkages were not observed, such units were not 
present in the molecules. 	It followed that, to achieve the final corposition 
of ca 70, of 1 9 4-1inkares, few, if any, isolated 1,4-linkar -es could occur. 
Further investigations on lichenin have been largely of an enzymic 
nature. Cunningham and Manners (1961)  employed a preparation from Hhizopus 
arrhizus which degraded laminarin, but not cellulose, cellobiose or 
laminaribiose. 	Lichenin was hydrolysed to form 3-o-fr2-cellobiosyl-1)- 
glucose, with minor quantities of glucose, laminaribiose, and a tetrasacoharide 
which wa later (Cunningham and Manners, 1964) identified as 4___D-
cellobioeyl-D-laminaribiose. The forrtion of these products, all of which 
had a 1 9 3-linkage at the reducing end of the molecule, demonstrated that 
the laminarinase did not merely attack and cleave a 1 9 3-linkage; rather 
that the 1,3-linkage was, as it were, the site of susceptibility, but it was 
the adjacent linkage nearer to the reducing and which was cleaved, regardless 
1311.. 
f whether this was 1,3 as in 1nirin or 194 as in lichenin. 	The enzyme 
specificity wan, therefore, defined as 3-1,3 or 3-194s 
- 
If linkage x is 1,3 and linkage y is 1,4,  then, if linkage y is cleaved by a 
fl-1,3-glucanaae preparation, the enzyme specificity is defined as 3-1 9 40 
If linkage y, ii&i is oleavd, is 1,3,  then the enzyme has shown 3-1 9 3 
action. 	3iuii1 ny, if linkage x is 1,4 and linke y is 193  or 194, then 
cleavage of linkage y by a 1,4-glucanase preparation demonstrates 4-193 or 
4-194 specificity respectively. The identity of the tetrasaooharide 
demonstrated the presence of blocks of at least three adjacent 194-
1inkaen, and hence, to restore the proportion of 7O of 1,4-linkages, a 
number of Isolated 1 9 4-linked residues must also have been present. The 
distribution of the 1ink'ges was, therefore, more random than in the 
structure suggested by Peat at ai. (1957), although the major structural 
features were the same. 
These results were confirmed and extended by Perlin and Suzuki 
(1962) who, in addition to identifying 3-0--2-ce1lobioay1-D-g1uoose as 
the principal product of degradation using aj -1,3-glucanass preparation, 
also examined the action of a oellulaie preparation on ]ichenin. The 
main product was 4__)3__laminahibiO8Y1__1UCOSe. Only a small proportion 
of di- and tetraeacchriridee was formed. Of the latter, 4-2--2-1aminaribi08y1-
D-cellobioee and 3_-3--oe11obioay1--ce1lobioae were identified, indicating 
that the glucosidic linkages of the 4-substituted residues had been attacked 
by the ceflula3e in the same way as those of the 3-substituted residues 
had been cleaved by the laminarinaee. Furthermore, the identities of the 
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betraaaccrios prodcec1 by the ellu' ae pro -aration ore claimed to 
xhibit the presence of blocks of three adjacent 1 9 4-linkages. This 
3ontention was supported by the isolation of 3___- cell o trio eyl--r1U:LSe 
from the laminarinase digest. 
It should be noted that had this confirmation with laminarinase 
not been available, then this last conclusion would not have been valid. 
The j'_1,3_glUCaDa8e had 3-1,4 in addition to 3-1,3 activity, and hence the 
cellula.ie could equally have had both 4-194 and 4-195 activity. In the 
latter case, the formation of the identified tetrasacoharides could have 
been explained without recourse to blocks of more than two adjacent 
1,4-linkages. The absence of oellotrioae from the hydrolysate could 
indicate that cleavage of the 1,3-glycosid.iC linkage of a 4-substituted 
residue is lees preferred, but not necessarily out of the question. 
It is apparent that considerable caution must be observed in the 
interpretation of enzymic results, unless the specificity of the enzyme 
has been fully established by experiments with model substrates. It has 
been shown that an enzyme vriich will degrade 1ininarin but not cellulose 
is not necessarily specific for the cleavage of 1,3- and not 1 9 4-linkages, 
although the presence of the former in the substrate is clearly essential. 
Lichenin, which contains isolated 1 9 3-linkages, is an ideal substrate for 
determining the specificity of such a laininarinase, but, since it contains 
contiguous 1,4-linkages, it is lees useful for analysing cellulaie action. 
Finally, an examination of lichenin was conducted (nnan, 1964) 
using the Smith degradation procedure. This technique would result in 
the formation of the erythritol-glycosides of the laminaridextrina from 
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.djacont periodate-rositant l,-linked residues. 	Oligoaacchariues 
iigher than glucosyl-erythritol were not present, and therefre the 1,3-
Linkages in lichenin occur entirely in isolation rather than in sequence. 
Lichenin is, therefore, a glucan containing ca 70 of-1,4-
linkages, the majority of which are present as oellotriose unite, but a 
number of which occur in longer sequences and also in isolation. The 
remaining 30, of-1,3-linked residues are present exclusively in isolatione 
lYhe molecules are linear, but some variation of the reported DP and CL 
values exists. These aDDear to be between ca 60 and ca 150 residues. 
Barley Glucan. 
Lrevorotatory carbohydrates, termed "- andt- amylan", were 
isolated from btrloy by O'Sullivan (1882), and were recognised as glucana. 
Pirther studios were not, however, conducted on the glucane from cereals 
until reports of a polysaccharide extracted from wheat flour (Perlin, 1951) 9  
and a soluble laevorotatory "glucosan gum" from barley (Preece and 
Mackenzie, 1952a1 re-awakened interest in those products. Aspinall and 
Telfer (1954) reported a DP of 100 for hiiey glucan by the isothermal 
distillation method, although 2.3.4.6_tetra_9_methyl_-glUOO8e could not 
be identified from a methylation analysis, indicating that the molecule was 
much larger. 2,3,6- and 2,3,4_tri_methy1__g1UCOe9 were found in almost ft 
equal arao'ints, indicating that barley glucan was composed of a mixture of 
1,3- and  194- linked glucose residues. Complete acid hydrolysis produced 
only glucose, and ultracentrifugation experiraenta suggested that the sample 
of glucan was physically homogeneous. 
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Enzymic studies on barley glucan were conducted by Aitken, 
Eddy, Ingram and eurman (1956) in an attempt to determine whether the 
1 9 4- and 1,3-U nkages were alternate or occurred in sequences to form a 
block polymer. Culture filtrates of the fungus :,Yrothecium vorrucaria 
showed cellulase, cellobiasa, laninarinase and laminaribiaie activities. 
These acted on barley glucan to produce cellobiose, laxninaribiose and 
glucose. 	however, after heating the culture filtrates at 60° for 10 mm., 
barley glucan was degraded to produce only cellobiose and a little glucose. 
The interpretation of these results was that, altiloagh the laminaribia3e 
activity was unimpaired, the h-1,3-glucanaee had been inhibited. If the 
1-1,3-1inkages occurred as blocks, these would not then be degraded to form 
laminaribiose, and hence glucose. On the other hand, the cellulase activity 
was only partially impaired whereas the cellobiase was completely inhibited. 
Glucose and laminaribiose would not, therefore, be produced in any quantity 
by either route, but the considerable build up of ceulobiose was explained. 
It was further argued th2t, had an alternating structure existed, the 
lami'iarinase would form only cellobione, and the cellula3e only laninaribiose. 
Heat deactivation of the laminarinase and cellobiase would, therefore, have 
resulted in the complete disappearance of oel1obie from the hydrolysate. 
In this case, the results which were obtained would have been incomprehensible, 
and hence the different linkages must have occurred largely in sequences. 
Farther enzymic studies were conducted by ireece (1957) who investigated the 
action of exo- and endo-laminarinasea from cereals on this substrate. 
Parrish, Perlin and Reese (1960) degraded barley glucan, using a 
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cellu1ae preparation, and found that 4-2- -D-laminaribiosy1-D-glucose, 
3-0-: -ii-cellobioayl-D-cellobio'e and 4-0-1-D-1aminaribioay1-b-cel1obioae 
accounted for 75y to 85 of the hydrolysate. It was suggested that these 
results indicated the presence of blocks of more than two adjacent 1,4-
linkages. It must again be emphasised that this enzyme could have 
attacked the glucosidic linkages of 4-substituted glucose residues 
regardless of the nature of the former, in which case these conclusions 
would be invalidated. However, it is probable that the postulated 
structure is correct, since parallel studies on oat glucan (g.v.) 
produced the same results, and, at the same time, confirmation of this 
structure for oat g].ucan was provided by a laminarinaae preparation, the 
specificity of which had been satisfactorily established. However, the 
presence of such blocks of 1,4-linkages in barley glucan infers that, in 
order to satisfy the ratio of link ges, a compensatory number of isolated 
1,4-linkages and/or sequences of 1,3-linkages must exist. jarrish et al 
rejected the latter alternative since oligosaccharides containing adjacent 
1,3-linkages were not isolated. However, the products wl'iich would have 
been derived from isolated 1,4-linkages were also largely absent from the 
hydrolysate. 	1.(oreover, the proportion of 1,3-linked oligosaooharidee 
derived from adjacent 193-linkages would be small, and made even smaller 
if some 4-10-cleavage had occurred. It is possible, therefore, that the 
enzymic procedures used were not suffici'nt1y sensitive to detect such 
products. 
Furth :-r enzymic studi.s were re1arted by Luoheinger, Chen and 
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Richards (1965 a; b). Using an endo- -glucanase preparation from 
germinating barley, the glucan was degraded to yield a trisacoharide 
fraction and a tetrasnocharide fraction as the main products, with minor 
amounts of slower moving components and cellobiose. The two main fractions 
were oharacterised by paper chromatographic mobilities, acid and enzymic 
hydrolysis, and by the Smith degradation of these oligosacoharides with 
paper chromatographic analysis of the products. It was reported that the 
main products were 3__F__oel1obio8Yl__g1flCOSe 
eel 1otriosy1--g1UCOae (26.5;'), cellobiose (c.7; and higher oil osacoharidee 
(8.0%). 	it was further reported that. to satisfy the proportion of 70% 
of 1,4-linkages determined by the reduction of periodate by barley glucan, 
these fragments must have been connected in the polysaccharide by)-i,4-
linkages. It was, therefore, claimed that this sample did not contain 
sequences of adjacent 1 9 3-linkages. In addition, the specificity of the 
enzyme was defined as requiring triaaccharide units composed of single 
1,3-linkages flanked by 1,4-linkages. 
However, some of the experimental evidence reported by Luchainger 
et al is inconclusive. The periodate oxidation stage of the Smith 
degradation of the oligosacoharide fractions was conducted at room 
temperature and would, therefore, probably result in hydrolysis of the 
formyl esters to produce, from mixed 193- and 1 9 4-linkages, 2-substituted 
glycerol oligoeaccharides rather than erythritol oligosaccharidea. A 
significant proportion of components with mobilitios slower than glucose 
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was ob;erved, but, since total hydrolyses of these did not yield erythritol 
(apart from a pentasacoharide fraction), it was concluded that these were be 
result of incomplete oxidation of the internal residues of these oligosaooharidee, 
rather than adj'cent 1 1 3-linkages. These products were not, apparently, 
examined for glycerol, and hence the Smith-degraded oligoaaocharidee may 
well have been the laminaridextrin-glycerol series. Furthermore it seems 
unlikely that the periodate oxidation of these oligosaccharidea at room 
temperature would have resulted in under-oxidation, as suggested, rather 
than over-oxidation. The original barley glucan was likewise treated by 
periodate oxidation at room temperature. In this case, the size of the 
molecule would probably restrict over-oxidation and the Smith degradation 
would, therefore, form the series of laminaridextrin-erythritolS from 
adjacent 1 9 3-linkages. A series of oligoeaccharidee, which yielded glucose 
and erythritol on complete acid hydrolysis, was observed. It is lii:ely, 
therefore, that, although the characterisation of the main components of 
the enzymic hydrolysates was probably correct, these oligosacoharides were 
contaminated by em1ler proportions of oligosa.ccharides containing adjacent 
10-linkages. It should be emphasised that, since there are only 30% of 
1,3-linkages in the molecules, then a random distribution of these to form 
sequences of contiguous linkages would produce only a small proportion of 
such oligoaaccharidee. These could have escaped detection, since all of 
the procedures employed depended, in the final analysis, on chromatographic 
icentification of the products, which renders the detection of minor 
components, in the presence of m.jor components of similar mobilities, very 
difficult. 
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The extraction techniques used to isolate the saaples of barley 
glucan were also open to question. Two methods were used, the first 
involving extraction wit h trichloroaoetio acid, and the S800fld employing 
papain digestion of the brley. However -19,3-linkages have been shown 
(:olfrcm, Thompson and Timberlake, 1963) to be particularly susceptible 
to acid hydrolysis, and papain has been reported (Mosoatelli, Ram and 
Rickes, 1961) to contain -1,3-hydrolass activity. The reducing power 
of the papain-treated barley glucan did indicate that some degradation may 
have occurred. 
Oat Clucan. 
A glucan which resembled liohenin in having the same rotation 
and solubility characteristics was extracted from oats by Morris (1942 ). 
Acker, Diemair and Samhammer (1955) extracted this glucon from oatmeal with 
water. Aoetolysis of the product yielded octa-acetyl-cellobiOse. A 
proportion of 65% of 1,4-linkages and 35% of 1,3-linkages was found by 
measurement of the reduction of period.atee however these figures must be 
considered with reservations, since the oatmeal bran was reported to possess 
some 'lichenase" activity, and also since papain was used to increase the 
yields. The Dl', estimated by osmometry (Acker, Diemair and Samhammer, 
1956), was 	350, whereas the CL, from end-group analysis, was only ca 170
9 
suggesting a low degree of branching of one branch-point per molecule. It 
was concluded that oat glucan differed from liohenin in that it had a higher 
molecular weight, a small degree of branching, and a slip 
 btly higher 
proportion of 1,3-linkages. 
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In contrast, Peat, Whelan and Roberta (1957) could find no 
difference between oat glucan and ].ichenin. A proportion of 76 of 
1 9 4-linkages to 2ea of 1,3-linkages was reported, although it wa pointed 
out that, since periodate is also reduced by end-groups, this apparently 
higher proportion of 1,4-linkages  could have resulted, instead, from 
smaller molecules than those examined by Acker et al. The same partial 
acid hydrolysis products were obtained from oat Glucan as from barley 
glucan. 	Laminaritriose, cellotetraose and 3,4-di-O-.-D-g1ucoay1-D-glucose 
were not detected. 
Smith and Montgomery (1959)  reported a proportion of 64 of 
and 36W, of-1,3-linkages in oat gluoan, and also a DP of 
A small degree of branching was also suggested. Unequivocal evidence was 
obtained for the presence of adjacent, 1 9 3-linkages in oat glucan by 
application of the Smith degradation procedure, from which a sequence of 
1,4-linkages produces erythritol, but blocks of adjacent 10-linkages result 
in the formation of lajninaridextrin-erythritola. The complete series of 
o1igosaccharideip to laminaritetraoayl-erythritol was identified, 
demonstrating the presence of both alternating sequences of 1,3- and 1,4-
link gee and of blocks of up to four adjacent 1 9 3-linkages. 
Parrish, Perlin and Reese (1960) degraded oat glucan using a 
laninarinase preparation from Rhizo.is arrhizua. The main products, which 
accounted for 75 - 85ç of the hydrolysate, were -O- - -D-cel1obioay1--1ucose 
and 3---)-D-cellotriosyl--g1ucose. linor proportions of laminaribiose and 
glucose were also detected. The 3-194 activity of the enzyme was, therefore, 
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again demonstrated, as was the presence of sequences of .t least three 
adjacent 1 9 4-linkages. A oellu'ase preparation hydrolysed oat glucan to 
form 4-2- __1inaibiosyl--glUO0Oe, 3-0- ,_.oel1obiosyl_-Cell0bi0Se and 
4_Q___1am1naribiOsY10e1l0bio5e9 with minor r.rnounts of ceUobiose and 
glucose. It was concluded that the main proportion of 
the molecule contained 
isolated 1 9 3-linkages. However, by the same arguments 
as have been set dcwn 
for barley glucan, from which identical cellulaas hydrolysis products were 
obtained, these results do not unambiguously exclude the presence of 
sequences of 1,3-linkages. Tanaka and Phaff (1965) also obtained the same 
degradation products from oat glucan using a laminarinase preparation which 
was capable of both 3-10 and 3-194 hydrolytic cleavage. 
Oat gluoan has, therefore, a higher DP than barley glucan or 
lichenin, and may have a low degree of branching. The proportion of 1,4-
linkages appears to be rather lower, and some of the 1 9 3-linkages occur 
in sequences of up to at least four adjacent linkages. The structure is 
therefore random. 
Clarke and Stone (1966) have recently compared lichenin with the 
glucans of oats and barley. Hydrolysis of both cereal glu.cana using an 
endo__1,4-g1UCafla80 preparation from Aspergillus niger produced glucose 
cellobiOse (11.9), 	
-glucose (45.(Y), a 
tetrasaocharide (16.4,) in which the reducing terminal residue was 4--
substituted, and higher unidentified oligosaccharidea (26.5j) in which the 
terminal reducing residues were again 4--O-Substituted- From the nature of 
these products, the enzyme 3pecificity was established as cleaving the 
glucosidic linkage of a 4-C,-substituted glucose residue, although it was 
not demonstrated whether the cleavage of this linkage was independent of 
the nature of the glucoaidio substitution* 	dien an enzyme preparation from 
the same source, which had exo--193-gluoenase activity in addition to the 
endo-1 9 4-glucanase activity, wao incubated with oat and barley glucans, 
the hitcher oligosaccharidee appeared only transiently, and were soon also 
degraded to form the previously observed mono, di, tri and tetranaoch•.ridea. 
This additional enzyme attacked -10-linked residues in an end-wise manner 
from the non-reducing ends of the molecules, it was, therefore, concluded 
that blocks of adjacent 1 9 3-linkages were present in both oat and barley 
giucans. The endofl-1,4-glucancae preparation alone was unable to attack 
these sequences, resulting in the formation of a proportion of higher 
oligosacohanides with one or more 1 9 3-linkages at the non-reducing end. 
However when the exo-1 1 3-glucaxtaee was also present, these oligosacohanides 




exo--1, 3-glucan hydrolase 
Gl-3G1-4G 
In contrast to the oat and barley glucans, lichenin was much 
more resistant to degradation by these enzymes. No reason was advanced 
for this, other than that a different arrangement of the 1,3- and 1,4-
linkages was present in the lichenin. however this evidence would seem 
to support the contention that liohenin contains only isolated 1,3-linked 
residues. The identity of the trisaccharide and tentative identity of 
the tetraeaocharide products from oat and barley glucan suggests that the 
exo--193-glucanaee will remove only the terminal 1 9 3-linked residue from 
a system which contains two such linkages at the reducing end. The ezo-
enzyme would, therefore, be unable to degrade the oligosacoharides formed 
initially by the endo-enzyme if the original molecule did not contain 
adjacent 10-linkages. It should be noted that the presence of isolated 
10-lirikaee in lichenin implies that these are distributed more evenly 
throughout the molecule, and therefore that the proportion of longer 
sequences of 1,4-link-gee is reduced. 	The endo-L-1,4-g1ucan 2oe would, 
therefore, be less effective in accomplishing this initial degradation of 
the lichenin. 
The exoeriments described in this thesis have been conducted in an 
attempt to finally resolve the problem concerning the structural difference 
between liohenin and barley glucan by eatahlising a difference in the 
sequences of linkages in these molecules. 
16. 
CHAL'TR II 
14TU0DS AND MAT RIAL3 USED IN ART II 
?eriodate Uptake. 
The reduction of periodate during the oxidation of 
carbohydrates was estimated by the method of Aspinall and Ferrier (1957). 
Polysaccharide (ca 3C mg)  was dissolved in water (12.5 ml) and treated 
with 0.048 19-sodium metaperiodate (12.5 nil). 
	The ,li.ition was allowed 
to oxidise in the dark at room temperature. 
	At intervals, aliquots (1 Ml)' 
were diluted to 500 ml rind the optical density was determined 
spec tropho tome tric ally at 222.5mp. A graph of optical density against 
time wi.s drawn, and the lineal' portion was extrapolated to zero time. A 
calibration graph was constructed by diluting 0.048 14-sodium nietaperiodate 
(0.5 nil) to 5 C ml, and determining thecptioal density at 22295 m. 	This 
provided the upper point of the calibration, being equivalent to 600 ES-sodium 
metaperiodate in the oxidising solution. The lower point of the calibration 
was determined by adding ethylene glycol (1 ml) to 0.048 M-sodium 
metaperiodate (0.5 ml). The mixture was allowed to stand in the dark 
for 30 ruin., diluted to 500 nil, and the optical density obtained as before. 
The reduction of poriodate of the test solution was determined by converting 
the optical density at zero time to T-sodium metaperiodate. 	Since this 
represented the excess periodate remaining in the oxidised n lution, the 




The p riodate oxidation was conducted at ca 10 • The excess 
periodate was removed by dialysis against tap water for 24 hr. The 
borohydrido reduction was effected in the usual way, the excess 
borohydride being destroyed by the addition of glacial acetic acid. 
The polyaloohol was precipitated with ethanol (10 vol.). Mild acid 
hydrolysis was accomplished as before with 0.25N -sulphuric acid at room 
temperature for 22 hr. 
Paper Chromatography. 
'apor chromatography was conducted in 4/1/1, 6/4/3 9 18/3/1/4 and 
10/4/3 solvent syoteina, using aniline oxalate and silver nitrate spray 
reagents. 
'Acro-me thylation. 
The method of Kuhn, Trischmaniand Low (1955) was employed to 
methylate the oligoaaccharide products of the Smith degradation. 
Cligosacoharide (2 mg) was treated in a sealed tube with redistilled 
dimethyl formamide (0.2 ml), methyl iodide (0.2 ml) and silver oxide 
(150 mg) at room temperature for two days. The mixture was filtered, 
and the residue was washed with chloroform. ?he filtrate and washings 
were evaporated repeatedly in vacuo at 400  with t1uene to remove excess 
dime thyl forinamidee Finally the products were evacuated using a high 
vacuum pump for 6 hr. 
1ethanolysis and Gas/Liquid artition Chromgtograhy. 
The methylated products were treated with 3 nethanolic ydrogen 
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chloride at 1000 I'or 16 hr. 	The s')lutiOfl v's cooled and ev.por ted 
to dryness repeatedly under reduced pressure at 300 with methanol to 
remove the hydrogen chloride. The prducts were dissolved in 
chloroform and chromatoCl'aphed in the usual way on a hutan-diol 
succinate polyester column at 1500  by Mr. J.C. atteraon. 
yme Diieata. 
Digests were incubated with citrate buffer of the appropriate 
pH, the concentration with respect to buffer being no higher than 0.0251d. 
The digests were treated with toluene and sodium azide to prevent 
microbial contamination. The course of the enzymic hydrolysis 
was 
followed by paper chromatography in 10/4/3 solvent. 
Materials 
The liohenin which was used was the sample extracted from 
Cetraria islandica by Anderson (1958). The lichenin polyloohol 
examined was prepared by Annan (1964) by the periodate oxidation and 
borohydride reduction of the preceding sample of lichenin. The barley 
glucan was kindly provided by Dr. D.H. iutson. 
nzyme Preparations 
a) Bacterial- - Amylase. 
This was a commercial (;al1ertein) .rearation from Be subtiU 
which showed_l,4_g1ucanaSe activity in addition to the -amylaae activity. 
]49• 
b) 	-1,3-G1ucanase (QM 1072). 
This -1,3-g1ucanaae  preparation from Ihizotus arrhizus 
(cf. Reese and Mand.els, 1959) was kindly provided by Dr. .T. Reese 
of the Pioneering Research Division, U.S. Army Natick Laboratories, 
L(assachussetts. 	It was specified as an endo-f-.193--glucanase which, 
under standard assay conditions of pH 4.59 500 and 0.25 substrate 
gave ten i-1 9 3-g1ucanaae units per mg., where one unit gives 1 Tug. 
of reducing sugar as glucose per hr. 
I 
CHAI TER III 
THE NY-IC DEGRADATICfl OF 
BARLEY GLUCAN LW LICHENIN 
Experimental 
Action of af-l 1 4 Glucanase repration 
Digests were conducted on barley glucan, liohonin and soluble 
larainarin substrates. 	Pulysaccharide (10 mg) and commercial llerstein 
enzyme preparation (10 mg) were each dissolved in 0.02 v-citrate buffer, 
pH 6.8 (0.5 ml). The laminarin was completely soluble, the lichenin 
dissolved but tended to redeposit on cooling, and the barley glucan was 
incompletely soluble. At room temperature, the enzyme solution was added 
to the polysacoharide. The digests were covered with toluene and 
incubated at 370• Samples were removed at intervals, and the course 
of the hydrolysis was followed by paper chromatorahy using 10/413 solvent 
system and silver nitrate spray reagent. 
Action of?_114_Glucanase in the 
Lrcsence of Glucono -1,5-Lactono 
0.02 MG1ucono-195-lactOfle was prepared and, after standing for 
four days to reach equilibrium, the gluconic acid in the mixture was 
neutralised to the pH (6.8) of the projected digest with N-sodium 
hydroxide. The substrates which were examined were barley glucan and 
lichenin. 	Polysaccharide (10 tag) was dissolved in 0.02 1-citrate 
buffer, pH 6.8 (0.5 ml). 	:;aileretein enzyme preparation (10 mg) was 
dissolved in the gluoono-1,5-laotone solution (o. 5 ml) and added to the 
b. 
G L±GBG Lal 
Figure 13 
Paper chromatograms of enzye digests of barley glucan and lichenin 
Incubated for I day at 	with crude p-I ,4-gluoanaae preparation 
Incubated for 1,5 hr. at 50 0 with / -i ,3-gluoanase preparation 
10/4/3 solvent 
a. 
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C - Llucone (standard) 	 B.G. = barley glucan 
Li = liahenin 	 La - laainarin S.L,5 
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cooled substrates. The course of the hydrolysis at 
370  was followed as 
before. The degradation products were substantially the sane as those 
formed in the previous experiment, but more samples were examined during 
the first few hours of the incubation. A typical chromatogram is 
reproduced in Fig. 13. 
c) Action of a-l.-G1ucanaae retaration 
The action of the -1, 3-glucanaso preparation, QM 1072, from 
Rhizopus arrhizus on barley glucan, lichenin, soluble laminarin and a 
ceflodextrin mixture was investigated. o1ysaccharide (10 mg) was 
treated with 0.025 .'1.-citrate buffer, p11 5.1 (0.5 ml). 	To the cooled 
substrate was added 0.1% enzyme solution (0.5 ml). The digests were 
incubited at 50
0. The course of the degradation was again followed by 
paper chromatography in 10/4/3 solvent using silver nitrate spray reagent. 
A typical chromatogram is reroduced in Fig. 13. 
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Discussion 
Enzymic degradation studies on substrates such as barley gluoan 
uid lichenin can be rewarding, but the specificity of the enzyme preparation 
miet first be precisely defined before structural conclusions can be reached. 
3everal workers (. Parrish, Perlin and Reese, 196C; Cunningham and 
atmers, 1961; 1964; Perlin and Suzuki, 1962; Tanaka and Phaff, 1965) 
iave established, from studies on glucans containing both 10- and 1,4-
linkages, that laminarinase preparations from a number of sources split the 
glucosidio bond of the 3-0-substituted residue regardless of whether this is 
a 10-  or a 1,4-linkage. Cellula.3e activities on lichenin and barley glucan 
tend to support a similar mechanism for these enzymes. The mode of attack 
of these glucanases has been discussed by Parrish and erlin (1960). Such 
specificity for a glucosidic linkage cannot be established from studies on 
substrates such as laminarin or cellulose which contain, for the most part, 
only one type of inter-residue linkage. The only Indication would be 
provided by the inability of the enzyme to hydrolyse the disaccharide prodtc t 
It is, therefore, clear that firm conclusions regarding the 
structures of polysaccharides containing mixed linkages cannot be reached 
from enzymic studies until the enzyme specificity has been precisely defined 
by its action on model substrates. Such a substrate requires a significant 
proportion of isolated linkages of the same nature as those wich are 
suspected to be susceptible to the enzymic attack. Lichenin, which contains 
a number of isolated 1 9 3-linkages between, for the most part, cellotriose 
moieties, is such an Ideal substrate for examining laxninarinase activity, 
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Lit it is less satisfactory for examining cellulase action. Ideally the 
atter would require a polysaccharide cc-taining isolated 1 9 4-linkages as a 
ajar structural feature. The enzymes which have been described in this 
hesis and were employed to compare lichenin and barley glucan, have not 
een accurately specified in this way. These studies are, therefore, of 
preliminary nature, and have been conducted with the express purpose of 
emonstratin,g a difference between the two polysaccharides, rather than of 
efining precisoly what this variance is. 
The ce11ulae prep-ration used was a commercial sample of 
-amylase which showed, in addition to other activities, some f3-1,4-hydrolase 
ction. Since this enzyme did not degrade laminriu, it was hoped that a 
eries of oligoaaccharides containing 13-1,3-linkages might be obtained from 
parley glucan. These were not, however, detected. The digest was repead 
.n the presence of lucono-1,5-1aotone which has been shown (Conciiie, 1954; 
e'se and tandels, 1959b) to inhibit-glucosidase activity but not to impair 
-glucanaae activity. In this v.-ay it was hoped to increase the yield of 
)ligosaccharides jrt,ciucod by the r_1,4hydro1ase. 	-However the results 
btained from both exp:ririents were subtanti11y the sane, and it, therefore, 
ppears that no inhibition occurred. 
The observed degradation of lichenin and barley glucan could be 
onvenient1y divided into two stages - a preliminary hydrolysis which 
)ccurred wittin the first 24 hr. of incubation, and a subsequent stage. 
rhe products of the preliminary hydrolysis were probably derived directly 
Crom structural unite in the polysaccharide. The subsequent reactions 
ou1d be very much more complex, involving the further degradation of the 
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)r"liinary products and possibly some synthetase and/or transfcrase 
ictivities in the commercial enzyme preparation. Furthermore, although 
recautiona were taken to restrict this, the possibility that some of the 
roducts detected after prolonged incubation could have resulted from 
axternal contamination of the digests cannot be excluded. For instance, 
mall amounts of components, which had the same mobilities in 10/4/3 as 
nannose (Rg 1.23) and galactose (Rg 0.84) 9  were formed from barley glucan 
after prolonged incubation. These could not have been formed directly 
from the polysaccharide. A clear difference between barley glucan and 
lichenirt was, however, established from the preliminary hydrolysis products. 
From barley glucan, glucose was formed very quickly, with minor amounts of 
cellobioie and a trace quantity of a component with the same mobility in 
10/4/3 (Rg 0.36) as 3_Q__2_cellobiO5y1__g1UC09e. This last component 
had only a transient appearance, and could not be detected after 2 hr. 
Licitenin, on the other hand, produced only minor quantities of glucose, 
but a major proportion of 3_2_1cel1obiOSYl__clUC 050 . 
The p_1,3-glucaxtase from Rhizotnis arrhizus was a pure preparation, 
and did not produce the wide variety of products observed after prolonged 
incubation with the commercial preparation. It had been specified (arrish, 
Perlin and Reese, 1960) to h.ve both 3-193 and 3-1,4 activity. Again a 
striotural difference between barley gluoan and lichenin was demonstrated, 
the hydrolysis products being similar to those formed initially by the 
-1, 4-glucanase. Brley glucan formed glucose as the nrin product, 
whereas lichenin was degraded almost exclusively to 3_Q_p__cellobi08Y1-
glucose, s'all amounts of glucose and laminaribiOse only being detected 
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Lftor ;rulonged incubation, 	The probi.ble prence of a 193-linkage  at 
he reducing end of all of the oligoaaocharides which were detected, 
onfirined that the enzyme was specific for the glucosidic linkage of a 
-0-substituted glucose residue. 
Since at least four other groups of research workers have 
tudied the enzymic degradation of these polysaccharides, the preceding 
xperimente were not continued, and, instead, attention was directed to 
the more chemical methods of linkage analysis. 
156. 
C1LPTER IV 
THE 3EUflCE OF LI}'AG3 IN 
BLEY GLUCAI( 
xperimental 
Having established (Chapter III) that a structural difference 
dose occur between baley glucan and lichenin, an attempt has been made 
to determine the nature of this variance using the Smith degradation 
technique. 
Reduction of 2eriodate by Barley Glucan and Lichenin. 
The reduction of periodate at room temperature was estimated 
using the procedure detailed in Chapter 11. The resilts, after correction 







The Smith Degradation of Barley Gluca. 
Periodate Oxidation  
Barley glucan (392 mg) was shaken for 1 hr in hot water (15 ni].) 
in which it was incompletely soluble. The cooled cloudy suspension was 
oxidised with sodium metaperiodate (1.2 g) dissolved in iufTicient water 
to give a final volume of 20 ml. The glucan had completely dissolved 
after oxidising for 1 hr in the dark at room temperature. The oxidation 
was allowed to proceed for 10 days, at which time insoluble polysaccharide 
was not present, but a proportion of fine white inorganic material had 
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recipitated. 	The mixture was centrifuged, and the residue was -.'shed with 
ater until it gave a negative phenol/sulphuric acid teat for carbohydrate, 
ithough an unusual pink coloration did develop with these reagents, 
osaibly due to inorganic complexing with iodine. The combined 
entrifugate and washinge were dialysed for 24 hr against continuously 
lowing tap water, after which time a sample of the non-diffusible material 
ave no coloration with 6W-hydrochloric acid and 10 potassium iodide, 
excess sodium motaperiodate was no longer present. 
oroydride Reduction. 
The non-dialyaable material (50 ml), which again contained a fine 
hite precipitate, was treated with an aqueous solution (0.5 g; 2 ml) of 
otassium borohydride at room temperature. After 20 hi', a further 
ddition (0.25 g) of potassium borohydride was made. After a further 4 hi', 
he solution, which still contained a white precipitate, was neutralised 
ith glacial acetic acid and centrifuged. The residue was washed with 
ater and discarded. 
recipitation of Barley Glucan Polyalcohol 
The combined centrifugate and washings were evaporated to ca 10 ml, 
hereupon more solid material had separated from the solution. The mixtur 
'as centrifuged (R) and the supernatant solution was precipitated by the 
ddition of ethanol (10 vol). After standing overnight at 20 , the 
precipitate was isolated by centrifugation - Fraction A. 
The residue from the first centrifiation (R) was washed with 
rater, the mass of the residue diminishing with each washing. The first 
;wo washes were precipitated with ethanol (10 vol) to form a white flocculent 
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,recipitate which was isolated by centrifugation - Fraction Be The 
?emaining washings, which were continued until no further diminution of 
the mass of the residue was observed, were likewise precipitated and a 
brace of white material was thereby isolated - Fraction C. The remaining 
Lnso].uble residue (8.7 mg - 2 . 2A) gave a negative phenol/sulphuric acid 
reaction for carbohydrate, and was discarded. There was no visual 
iifference between the carbohydrate-Containing precipitates of Fractions B 
and C, so these were subsequently combined as Fraction Be 
Fraction A. 
The white flocculent precipitate was re-dissolved (with difficulty) 
in water, centrifuged to remove insoluble impurities, and the combined 
oentrifugate and washings were reprecipitated with ethanol (10 vol). 
The precipitate was centrifuged, washed with ethanol, then ether, and 
dried in vacua at 6c0 . 
Recovery - 	7C;.7 mg 
Fraction B. 
This was similarly purified and dried. 
Recovery - 	 60.7 mg - 	 15.6 
Total recovery - 	 131.4 mg - 	 34.4 
Complete acid hydrolysis and paper chromatography showed that 
Fraction B contained relatively less polysaccharide than Fraction A. 
Further experiments were therefre conducted on Fraction A, which has 
been designated as the barley glucan polyalcohol. 
159. 
gild Acid llrolys. 
Small-scale mild acid hydrolysis of barley glucsn polyalcohol and 
rolya1coho1. 
Sarnplca (5 mg) of barley gluean po].yalcohol and of lichenin 
po].yalcohol (cf Chapter II) were hydrolysed with 0.2511-sulphuric acid at 
room temperature for 22 hr. The hydrolyaates were neutralised (barium 
carbonate) and examined by paper chromatography in 4/1/5 9 6/4/3, 18/3/1/4 
and 10/4/3 solvent systems using aniline oxalate spray reagent to develop 
reducing sugars, and over-spraying with silver nitrate spray reagent. 
Components were detected with the same mobilities in all the solvent 
systems as erythritl and glucosyl-erythritol. Glycerol was detected in 
the barley glucan polyalcohol hydrolysate but not in the lichenin 
polyalcohol hydrolysate. A series of oligonacoharidee with slower 
mobilities than glucosyl-erythritol were developed from the nth-degraded 
barley glucan but not from the lichenin. The products detected by 
chromatography in 10/4/3 are depicted belowi 
Barley Glucan Polyaloohol Lichenin -'olyalcohol Tentative dentiy Standard 
29 	Concentration ag 	Concentration 	 Ag 
0.26 	 + 	- 	 - 	 - 	 - 
0.37 	 + 	- 	 - 	 - 	 - 
0.61 	 +++ 	- 	 - 	 - 	 - 
0.83 	 ++++ 	0.84 	+++ 	r71ucosyl-erytirito1 	.82 
0.96 	 + 	- 	 - 	 glucose 	1.00 
1.26 	 +++ 	- 	 - 	 - 
1.50 	 +++++ 	1-49 	+++ 	 erythritol 	1-52 
1.87 	 ++ 	- 	 - 	 glycerol 	1.88 
4gwe 1 
Paper chromatogram of 3mith-depraded barley Llucan 
10/4/3 solvent 













C 0 glucose (standard) 	I a erythritol + glycerol (standards) 
BC - barley gluoan 
The broken liii.s refer to the ociponenta which were subsequently 
s.psrated on thick paper. 
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Large-scale mild acid hydrolysis of barley glucan po].yaloohol 
Barley gluoan polyalcohol (49 mg) was dissolved in hot vater (5 ml), 
cooled and hydrolysed with 0.5 N-sulphuric acid (5 ml) at room temperature 
for 22 hr. The hydrolysate was neutralised (barium carbonate) and 
evaporated to a small volume. A white inorganic precipitate separated 
which was removed by centrifugation. The centrifugate was &eionised by 
elution through mixed Amberlite IR-120(H+) and Amberlite IR-45( 011 ) ion-
exchange resins. The eluate was examined by qualitative paper 
oomatography in 10/4/3 solvent using silver nitrate spray reagent. The 
chromatogram obtained is reproduced in Pig. 14,  and the chromatographic 
mobilities of the detected products are tabulated belows 
29 Concentration Tentative Identity 
0.29 trace laminaripentaosyl-erythritol 
0.38 + laininaritetraosyl-erythritol 
0.49 ++ laminaritrioayl-erythritol 
0.65 +++ laminariblosy-1-erythritol 
0.84 +H+ lucosy1-erythritol 
1.00 trace 
1.10 trace unidentified 
1.19 trace 
1.51 +t+4+ erythritol 
1.86 ++++ glycerol 
2.06 + glycollic aldehyde. 
161. 
'hick pager separation of the pr oducts of Smith-dagrade(I barley gluoan. 
The large-scale mild acid hydrolysate of barley gluoan polyaloohol 
rae applied to Whatman 39M paper and chromatographed in 10/4/3 solvent 
vernight. Development of guide strips showed that the components 
orreaponding to glycerol, erythritol, glucoayl-erythritol, laminariblonyl-
rythritol and laminari trio eyl-erythritol were clearly separated, but that 
the higher oligoescoharides were not well-defined. These strips were out 
ut as indicated (Fig. 14)  and eluted with water, the eluate corresponding 
Lo each corionent being freeze-dried. The recoveries and the percentage 
ompositioi of the hydrolyaate are tabulated below: 
. .eight (mg) 
glycerol 	 4.7 	17.9 
erythritol 	 5.2 	19.8 
minor uniJentified curiponents 	 4.1 	15.6 
gluoosyl-erythritol 	 3.2 	12.2 
laminaribiosyl-erythritol 	 3.0 	11.4 
laminaritriosyl-erytritol 	 2.6 	9.8 
higher 1&dnari-oayl-erythritols 	 3.5 	1303 
Recovery from hydrolysis and separation 	26.3 	54.0 
Overall recovery 	 7.3 
Ire 
As a preliminary, to test the efficiency of the methylation 
procedures, samples (2 mg) of authentic 1wninaribo.se and erythritol were 
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breated with redistilled dimethyl formamide (0.2 ml), methyl iodide (0.2 ml> 
nd silver oxide (150  mg) in a sealed tube, and shaken at room temperature 
('or 48 hr. The methylated mixture was filtered and the residue was 
washed with chloroform. The filtrate and washings were evaporated 
repeatedly to dryness under reduced pressure with toluene at 400 , and the 
Last traces of dixnethyl formamide were removed on a high vacuum pump for 
6 hr. The methylated products were treated with 3 meth"iwlic hydrogen 
chloride at 1000 for 16 hr. The solution was evaporated repeatedly 
in vaouo at 600  with dry methanol. The product was dissolved in chloroform 
and analysed by gas/liuid partition chromatography in the usual way on a 
butan-d.iol-auooinate polyester column at 150 ° . The Smith degradation 
products tentatively identified as erythrito]., glucosyl-ei'ythritol, 
laminaribiosyl_erythritol and laminaritriosyl-erythri tol ware similarly 
treated and examined, 
ijth the conditions used, a email proportion of 2094-tri-2-
methyl-D-gluoose was identified from each of the substituted erythritola. 
This trimethyl sugar has been shown (Part 1 9 Chapter '1) to be an artefact 
of under-methylatiOfl. Both authentic 2,3,4,6_tetra__methy1_008e, 
and hepta--methyl-2-- 3-- gluc.:oayl-erYthritOl from the Smith degradation, 
neither of which should have produced trimethyl glucoses, were found to 
provide peaks corresponding to 2,4,6_tri__m0th71_g1uC0ae as well as a 
trace of 2,3, 4_tri__methyl-_g1UOO8e. The former could therefore 
also be attributed to under-ntethylation. The ratios of 2,4,6-tri-Q- 
methy1--glucoae to 2.3.4.6 -tetra 	calculated from 
Figure 15 
Gaa/].iguid partition ohroxnatograma of methylated products of Smith-
degraded b arley g1ucrn 
1ucosy1-erythritoi 
Peak 	 7 
	
6 	54. 	 32 1 
4 	 5'.O 	 .0 
	 1 1.0 
lamir.aribioayl-erythritol 
Peak 	 7 
	






















the peak areas, were the same for both the tetra-methyl glucose and the 
glucosyl-erythrito].. A correction factor was, tliererore, subtracted 
from the 2,4,6-tri-0-methyl-D-glucose peak areas obtained from the 
laminaridextrin-erythritole, the correot!on being calculated with 
reference to the peak area of the 2,3,4,6-tetra-Q-methyl-i--gluooaa in 
these components. 
Erythritol. 
Both the methylated material from the authentic sample and 
that from the Smith degradation gave a characteristic peak with a 
retention value, with respect to the -methyl glycoside of 2,3,4,6-tetra-
2-methyl-D-glucoae, of 1.97. 
The retention values and areas of the gas chromatographic 
peaks obtained from the other Smith degraded products are presented in a 
tabular fashions  
/ --g1ucosyl-erythr1tol (Fig. 15) 
l'eak Identity 	Retention Value Standard 
1a4G 	Rime 4G 
1 	2 9 34 9 6-Ue.G 	1.00 	 1.00 
2 2 9 3 9 4 0 6-Me40 1.38 
3 1 9 3,4-Me3E 1.57 
4 2,3 9 4-'e 3G 2.36 
5 20,6-?Le3 G 2.77 
6(sh) 29 3,4-1,1e3 G 3.24 
7 2 9 4 1,6-Me 3G 4.33 
* 	sh - shoulder, Me w 0-methyl, 
Peak Area Corrected Area Ratio 


















G - glucose, E - erythritol 
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-D-laminaribioay1-erythri tol (Fig. 15). 
ieak Identity Retention Value Standard Peak Area Corrected Area 	Ratio 
(RMeG) (j) (eq. cm.) (sq. cm.) 
1 2 9 3 9 4,6-.}Le 4G 1.00 1100 0 .30 
3.86 3.86 	1.0 
2 2 9 3 9 4 9 6-Me4G 1.34 1.38 3.56 
3 1 9 3,4-Me33 1.55 - 2.55 2.55 	0.7 
4 2 ,3,4-Me3G 2.30 2.32 - 
5 2 9 4,6-Le3G 2.72 2.80 2.60 
6(sh) 2,3,4-Me7G 3.15 3.23 - 5.30 
) 
3.14 	0.8 
7 2,4,6-He3G 4.27 4.03 2.70 ) 
-, -D-laminari trio ayl-erythritol (Fig. 15). 
i'eak Identity Retention Value Standard 
Me4G 
1 20 9 4 9 6-1(e4G 1.00 1.00 
2 2,3,4,6-Me4G 1.35 1.38 
3 10 9 4-Me3E 1.52 - 
4 20 9 4-Me3G 2 0 30 2.32 
5 2 9 4 9 6-Me3G 2.72 2.80 
6(ah) 2,3,4-Ile3G 3.43 3.23 
7 2,4,6-Me30 4.33 4.03 
'eak Area Corrected Area Ratio 
ç. am.) 	(eq. cm.) 
0 -32 
 3.96 	3.96 	100 
3.64 
4.20 	 4.20 	101 
4.32 ) 
- 	8.55 	6.29 	1.6 
4.23 ) 
Further identification of Smith degradation products. 
Glycerol. 
This component was characterised as the p-nitrobenzoate, m.p. 
188-190° (literature m.p. 1880). 
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ythrito1. 
This was characterised as the penta-acetate, m.p. 79_820 
(literature mope 840 ). 
-D-Glucosyl-erythritol. 
Complete acid hydrolysis and paper chromatography in 10/4/3 
revealed two components with the mobilities of glucose and erythritol. 
Partial acid hydrolysis and paper chromatography in 10/4/3 solvent 
produced three components with the mobilities of the original material 
(Rg 0.82), glucose (Rg 1.00) and erythritol (Rg 1.51). Hydrolysis with 
emulsin and paper cromatography in 10/4/3 solvent system showed 
products corresponding to glucose and erythritol. 
166. 
Discussion 
Evidence has been obtained (Annan, 1964)9 from Smith degradation 
studies, that Liohenin does not contain adjacent f_'1,3-linkages, since 
oligosacoharides larger than Dg1ucosyl-erythritol were not detected. 
However application of the same sequence of reactions to oat glucan has been 
reported (Smith and Montgomery, 1959) to produce the series of 
laminariciextrinertbhrit0l8 up to at least 2_0___1azniflaritetra0SY1 
orythritol, indicating that blocks of up to four contiguous 10-linkages 
are present in this polysacoharide. Further investigations have, 
therefore, been effected to determine whether barley Clucan resembles 
lichenin, or whether it is more similar to oat glucan. Since it has 
been shown (Chapter III), by enzymic degradation studies, that barley 
glucan does differ structurally from lichenin, a further comparison of 
these two polysaccharides has been made by subjecting them to the Smith 
degradation procedure and analysing the products. 
The proportions of 1" to p-10-linkagee in barley gluoan and 
lichenin were determined by measurement of the reduction of periodate 
during periodate oxidation. :relimina.ry experiments conducted at 20 
indicated that a portion of the molecules remained under-oxidised with 
these conditions. llovever, although oxidation at room temperature may 
result in hydrolysis of the formyl ester groups on some of the residues, 
this occurs without the further reduction of periodate, and should not, 
therefore, affect the results. 	?hen lichenin was oxidised at room 
temperature, periodate was not further reduced after ca 25 hr, whereas 
barley glucan required a somewhat longer period. This may indicate that 
EY 
the susctib1e 1,4-linkacea in lichenin are rather more crisily attached 
than are those of barley glucan, as might be expected if, in the latter, 
they are situated between blocks of 1,3-linked residues. The barley glucan 
was composed of 74, of 1,4-linkages and 26; of 1,3-linkages, whereas the 
1iotenin had 68 of 1,4-linkages and 32$ of 1,3-linked residues, These 
figures are in good agreement with those obtained by most of the other 
workers on tno3e polysacoharidas although lower figures for the proportion 
of 1,4-linkages have, at times, been reported. These may be explained by 
an observation of Luohainger, Chen and Richards (19 65b) that the concentration 
of sodium metaperlodate used to accomplish the oxidation is critical, and 
that if too low a concentration is employed, even if an excess of pertodate 
is attained, low firurea for the reduction of periodate are obtained. 
During the Smith degradation of barley glucan, the usual oxidation 
procedure was employed. An attempt was made, however, to remove the 
excess periodate by dialysis. This had only limited success since, 
although the non-diffusible material did not contain free perioaate after 
24 hr, fine white inorganic material was repeatedly precipitated during 
subsequent procedures, suggesting that some complex iodine compounds had 
resisted dialysis. This inorganic material produced an unusual pink 
coloration with the phenol/sulphuric acid reagents, rendering more 
difficult the qualitative detection of carbohydrate by this method. The 
borohydride reduction was accomplished in the usual way. The barley 
glucan polyalcohol was fractionally precipitated in an attempt to obtain 
a fraction which was free of inorganic  material. The total yield of 
carbohydrate-containing material was 3494%. A considerable loss must, 
UFM 
t:iereforo, ;iave occurred by coprocipitatofl of ;lyoaccI?.ride 'vith the 
inorganic material. It is apparent that dialysis is not always a 
satisfactory method of removing excess sodium metaperiod.ate. 
Barley- glucan polyalcohol and liohenin polyaloohol were treated 
with mild acid hydrolysis to cleave the acetal linkages but leave the 
glucosidic bonds intact. This process results in the fragmenttiofl of 
the molecules at the sites of the fl-1,Li-linkages, while the 3-substituted 
residues are not degraded. Liohenin oolyaloohol thereby produced only 
one component with a mobility slower than glucose, which corresponded 
to Dglucosyl-eTYthritOl. A series of oligosacoha.riciee was, however, 
detected from Smith-degraded barley glucan. Barley glucan also yielded 
rather more glycerol than L.ctenin suggesting that the barley glucan 
polyalcohol had a lower B? than that of the lichenin, and possibly 
inferring that some degradation of the former had occurred during 
extraction, period.ate oxidation or borohydride redaction. The products 
from the lichenin polyalcohol confirmed the observations of Annan (1964)9 
demonstrating that only isolated 1 9 3-linkages are present in this 
polyeaccharide. 
The products of a large-scale mild acid hydrolysis of barley 
gluoan polyaloohol were separated by thick paper chromatography. The 
total recovery was 54. The loss of material could largely be explained 
since a further proportion of white inorganic material precipitated 
during the evaporation of the hydrolyeate, and was removed. The 
isolated products were tentatively identified as glycerol, erythritol, a 
fraction containing three unknown components one of which probably 
corresponded to the 2, 4-bis-kiydroxymethyl- 5-2- -2-glucopyranoayl-
1,3-dioxane identified by Goldstein, Hay, Lewis and Smith (1965) as an 
artefact of the Smith degradation of oat glucan, glucoeyl-erythritol, 
laminaribioayl-erythritol, laminaritriosyl-erythritol, and a higher 
fraction 
oligosaccharide ,hich appeared, from qualitative paper chromatographic 
analysis, to contain laminaritetraosyl-erythritol and laminaripentaosyl-
erythritol. 
The component of Hg 2.06 in 10/4/3 was characterised as glycerol 
by the preparation of the p-nitrobenzoate. The identity of the component 
of Rg 1.51  in 10/4/3 was confirmed to be erythritol by the preparation 
of the penta-acetate. The three minor unidentified components of 
Rg 1.00, 1.10 and 1.19 respectively in 10/4/3 were not further examined. 
The product which was tentatively identified as gluoosyl-erythritol had 
the same chromatographic mobility in three solvents as had the sample 
characterised by Annan (1964). The mobilities compared to the literature 
values (in parenttesis) were Hg 0.83 (0.75) in 4/1/5, Hg 0.90 (0.90) in 
6/4/3 and Hg 0.98 (i.00) in 18/3/1/4. This component also had a mobility 
of 0.84 in 10/4/3 solvent system. Complete acid hydrolysis of this non-
reducing sugar produced only glucose and erythritol. Glucose, erythritol, 
and the original component (Hg 0.82 in 10/4/3) were identified from a 
partial acid hydx'olysate. flydrolyzds with emulain produced glucose and 
erytiiritol, confirming the _linkage. The identity and chromatographic 
mobility of the glucosyl-er'ythritol having been established, the tentative 
identities of the higher oligosaccharides was also substantiated since these 
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and gluoosyl-erythritol, gave a linear relationship when -log 11ethrito1 
was plotted ainet the expected We From the previous evidence on the 
structure of barley glucan, it is assumed that the erythritol-terminated 
oligosaccharides were substituted at C.2 of the erythritol residues. 
The identity of these non-reducing oligosacoharidee was 
completely confirmed by gas/liquid partition chromatography of the 
methylated and methanolysed derivatives. A peak was obtained from each 
oligosaccharide which closely followed the .-methyl glycoside of 
2,3,4,6_tetra0.methyl--glUOO8e. This was amined to 1,3,4-tri-f-
methyl -D-erythritol, since the retention value of 1.52 - 1.57 did not 
oorresond to any of the methylated glucose derivatives. The gas 
chromatograms obtained from glnooeyl-erythritol, laminaribiosyl-erythri tol 
and laminari trio oyl-eryt?LritOl are represented in Fig. 15. The ratios 
of the peak areas of 2,4,6-tri-0-methyl--glUoOse to 20,4,6-tetra--




1 aminaritriosyl-erythri to]. 
Ratio Theoretical Ratio 
* 	!e 1 G Ile 30 * 
000 , 160 0.0 $ 1.0 
0.8 * 	1.0 1.0 1 	1.0 
1.6 * 	1.0 200 i 1.0 
The last two oligosaceharides contained increasing, although  
still minor, proportions of 2,3,4-tri--methyl--glucose. The 
oontributioxdue to this component were not measured since the second 
peek, of R, 3,43 occurred as a shoulder behind the first 2,4,6-tri-- 
4 
17]. 
nethyl-D-glucose peak. 7-ven more conclusive of the identities of the 
ollgoaaccharidee was the ratio of the respective 2,4,6_tri__methyl_glUC08e 
contributions as the series was acendedi 
glucosyl-erythri tol : lainaribio syl-erythritol s 1 rtminari. triosyl- erythri to 1 
C 	1 : 2. 
It is clear, therefore, that a complete series of laminaridextrin-
erythritols is produced by the Smith degradation of barley glucan, which is 
identical in this respect with oat gluoan (Goldstein et al l 1965)9 and 
different from liohenin which does not yield any oligoeaccharides larger 
than glucosyl-erythritol. The evidence obtained demonstrates 
conclusively that barley rTluoan contains blocks of up to three adjacent 
1,3-linkages, and most probably sequences of up to at least five such 
linkages. The yields of the products of the Smith degradation indicate 
that approximately 11ç of the molecule consists of two adjacent 1,3-
linkages, and ca 1CF,4, of three adjacent 1 9 3-linkages. The theoretical 
proportions of p.4,3- and F;-1,4-linkages would be: 
Component 	 Structure 	Percentage  
erythritol 	 -4tfl- 	 19.8 	 - 	19.8 
1ucosy1-erythritol 	-3G1-4G1- 	 12.2 	6.1 	6.1 
laminaribioeyl-erythritol -301-301-401- 	11.4 	7.6 	3.8 
lamin-iritriosyl-erythritcl -3G1-3G1-3G1-4G1- 	9.8 	7.3 	2.5 
	
53.2 	21.O; 	32.2 
The remaining 46.8 of the material was accounted for by glycollio 
aldehyde, glycerol and higher oligosacoharidee. These figures give a 
172, 
proportion of 6C.5, of 1,4-linkages and 39.5. of 1,3-linkages in fairly good 
agreement with the periodate oxidation figures of 74% and 26 respectively 
considering that the theoretical results were calculated from only 53.2 
of the total weight of material recovered from the Smith degradation. 
The high proportion of glycerol indicated that some degradation of the 
molecule had occurred, which would probably have cleaved n. hiher 
proportion of 1 9 4-linkgea, suggesting that, in the riginr! Lu1de k 'aded 
barley glucan, the incidence of adjoent 1,3-linkages is lower than has 




Barley glucan and lichenin have been demonstrated, by virtue of 
the different products found on enzymic hydrolysis, to contain d fferent 
sequences of linkages, a].though the proportion of 194to f_193_1in 1cagb8 
in both polysaccharides is substantially the same. This difference has 
been shown to involve the situation of the 1,3-linked residues in the 
molecules. Barley glucan contains blocks of up to five adjacent 1,3-
linkages, whereas lichenin has a more ordered structure in that all the 
1,3-linkages are flanked by 1,4-bonds. To maintain the proportion of 
each link ge in the molecules, lichenin must, therefore, contain, for the 
most part, cellotriose units, although a small proportion of sequences 
of more than two adjacent 1,4-linkages and hence occasional isolated 
1,4-linked residues do occur. Oat glucan has been shown (Goldstein 
et al, 1965) to resemble barley glucan in that it also has a random 
structure in which blocks of at least up to four adjacent 1 9 3-linkages 
occur. 
This structural difference between barley glucan and liohenin 
may explain the different solubilities of these polysaccharides. Lchenin 
is more soluble than barley glucan. However both polymers will 
dissolve 
to some extent in hot water, in contrast to cellulose and insoluble laninarin 
which possess largely linear chains of [-194 and i-193-linked residues 
respectively. Solubility, therefore, appears to depend upon the 
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introduction of different linkages into a polysaccharide to produce a less 
uniform structure, and hence prevent the molecule from forming linear 
insoluble aggregates presumably by hydrogen bonding. This is supported 
by the soluble nature of laminarin from L. digitata and L. sacoharina in 
which occasional branch-points disrupt the uniformity of the molecules. 
The introduction of different residues into the linear chains appears 
to have a less marked effect than does branching. In lichenin, all the 
1,3-lin:ac 3  occur in isolation, and hence there can only be a limited 
proportion of blocks of more than two adjacent 1,4-linkages. On the 
other hand, barley glucan is a block polymer containing significant 
proportions of sequences of up to at least five adjacent 1 9 3-linkages, 
and hence even longer sequences of contiguous 1 9 4-linked residues. 
The presence of such sequences appears to render the molecules lose 
slublo, supporting evidence for this being the insoluble nature of 
laminnripentaose (Clarke and Stone, 1963). 
The differences observed between liohenin and barley glucan have 
been largely supported by previous studies. Adjacent 10-linkages have 
not been detected in lichenin by partial acid, hydrolysis (..eat, holan 
and Roberts, 1957),  by enzymic hydrolysis (Cunningham and 'lannera, 1961; 
1964; Perlin and Suzuki, 1962 ; Clarke and Stone, 1966) or by chemical 
investi-atione (Chanda, first and Manners, 1957; .Annan,  1964) ,, 
Evidence for sequences of -1 9 5-linkagea in barley glucan has been 
provided by Aitken et al (1956). A contradictory conclusion was reached 
by Lucheinger, Chen and Richards (1965a; b) but the experimental results 
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tuuteI by those :r:ors were not conclu3ive. Unambiguous support for the 
presence of adjacent linkages in barley glucan resulted from enzymic 
studies by Clarke and Stone (1966)  who demonstrated that an ezido-p-1 , 4-
glucanase preparation would not degrade all the higher molecular weight 
material in barley glucan, but further degradation of these fragments took 
place if, in addition, an exo-R-1 9 3-glucanase preparation was included to 
hydrolyse adjacent 1 9 3-linked residues. 
Finally, the studies of barley glucan, oat glucan and liohenin 
have provided valuable inforimtion regarding the specificities of a 
number of enzymes. 	-1,3-Olucanaaea and 19-194-gluoanases, which had 
been shown to degrade lami.narin and cellulose respectively, but not 
vice versa, and which had, therefore, been assumed to cleave only the one 
type of linkage, have been demonstrated (e.g. Cunningham and Manners, 
1961; 1964; Parrish and Perlin, 1960; Clarke and Stone, 1966) to be 
specific rather for the linkage adjacent to, and nearer the reducing 
end than the susceptible residue, regardless of the nature of this 
glucosidic linkage. It is clear that considerable care must, therefore, 
be taken to establish precisely the specificity of 5T10h an enzyme on 
model substrates containing mixed linkages, before this can be employed 
to elucidate structural features in unknown polysacoharides. The three 
glucaxie described in this section will doubtless be frequently used 
in the future for such enzymic specificity studies. 
PART III 
T11E PINE STRUCTURE OF 




Isolichen is a polyaaccharide which occurs widely, together 
with liohenin, in many symbiotic lichens. Ear2y workers referred to 
it as "lichen starch" by virtue of its blue staining power with iodine. 
This polysaccharide has been identified in vernia vulpina (Karrer, Staub 
and Staub, 1924), in Japanese lichens (Minag.wa, 1934)9 and in the I:dian 
lichens Roocolla montagnei (Rao and Seshadri, 1942) and Usnea longiaaia 
(LLittal ind Seehadri, 1955).  The main structural investigations of this 
carbohydrate have, however, been of the isolichenin extracted from Cetraria 
isla.ndica (Iceland 11os). 
?ringeheim (1924)  noted that isolichenin differed from lichenin 
in that it was freely soluble in water, giving a dextrorotatory solution 
wiich stained blue with iodine, and it was concluded that isolichenin was 
related to anty1ø9e. Xarrer and Joos (1924)  disagreed with this contention, 
and considered that it was a mixture of polysaccharides containing glucose, 
galactose and mannose. Pringeheim (192 5) countered with a claim that 
isolichenin was hydrolysed by malt diastase to give a quantitative yield 
of maltose, but Karrer (1925)  again refuted this observation. 	linagawa 
(1934) agreed that isoliohenin was similar to amyLose, but Sameo, Morel 
and Perpar (1935)  contended that it bore a clooer resemblance to starch 
than amy'Q9e. Meyer and Gurtler (1947)  isolated at least five different 
lT 
ol:zcch ries c intainiug 71uco'e, 	lactose, ramnose and uronic acid, 
from a sample which was supposed to be ieolicheTkifl. The mass of 
contradictory evidence supplied by these early workers arose from the 
analysis of impure extracts containing, in addition to isolichenhrl, 
hemicel1u101Oa composed of -alactoee, mnnno3e and uronic acid residues 
(Buston and Chambers, 1933). This work has been reviewed by klittal and 
3eshadri (1954). 
The first detailed struoturL1 LnalysiS of isolichenin was 
performed on a preparation from Icelandic Moss by Chanda, Hirst and 
tannera (1957). Complete acid hydrolysis yielded only glucose, confirming 
that previous work from which mixtures of different residues were identified, 
had been conducted on impure samples. The Fiig4i positive optical rotation 
which was observed ( L41D+255 0 ) was attributed to the presence of-1,3-
linkages. Confirmation of this structural feature was obtained by 
periodate oxidation during which only 0.4 mole of periodate per 
arthydrohexoEle residue was reduced, establishing that the molecule 
contained about 60, of 1 9 3-linkages and 40 of 1,4-linkages. The 
chain-leflth, by formic acid release, was 42 glucose residues, and, by 
end-group analysis of the proportion of tetra__methyl_-glUC08e 
formed on 
uvthylatiOfl and hydrolysis, was 40 residues, compared to a DP of 
40-50 
determined by vi000mctry of chloroform solutions of iaolic}ienin 
acetate. 
The molecules were, therefore, unbrancbed. ?.ethylatLOfl analysis 
provided further confirmation of these structural featurese T30th 
2,4,6- and. 2,3,6_tri_Q_mO th7l_g1UC0Se8 were formed from the 193- 
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and 1 9 4-linked residues respectively. 	Very little di-iethyl glucose was 
detected from branch-points or undermethylation. Isolichonin was not 
degraded by barley or soya bean r -amylase, demonstrating that the sample 
examined was not a mixture of aInylae  and an -1 ,3-glucen. Moreover 
it was aparent that the-1,-1inkagea could not be exci ively 
situated near the non-reducing ends of the molecules. Isolichenin was, 
t herefore, a glucan containing both.N-1,3- and .-.-1,4-linked glucose 
residues in the ratio of about 60ç to 40. The molecules, wiich were 
linear, had a 1W of 40-509 
Peat, Vhelan, Purvey and Morgan (1961)  were able to completely 
substantiate this proposed structure by analysis of the products of a 
large-scale partial acid hydrolysis of isoliohenin. The monosaccharide 
fraction yielded only glucose, whereas the disaccharide fraction contained 
both nigerose and maltose in the ratio of approximately 2 : 1. This ratio 
does not, of course, give a measure of the relative proportions of each 
type of linkage in the polysaccharide, since it is dependent upon the 
relative rates of hydrolysis of the two types of 1inkae. Four 
trisacoharides were tentatively identified as nigerotrri ose, maltatri oee, 
4-O--D-nigeroayl-D-glUCoae and 3-O-.-D-ina1tosy1-D-g1ucoe. The natureNX 
of these trisaccharid.ca indicated that blocks of both adjacent-4-193 and 
adjacent -1,4-linkagea were present as well as alternating sequences. The 
relative proportions of these oligoaaocharides were not reported. 
Oligosaocharidee derived from branched residues were not detected. The 
proportions of the two linkages in isolichenin were a'-ain determined, by 
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meaSUrO!Oflt of the reduction of periodate, as 55, -"of 1 9 3-1inkaes and 
45 of 1,4-linkages, in fairly good arreement vrith 
the figures of ?Lnnera 
and his co-workers (1957). 
Isoliohenin is, therefore, a linear -glucan with an average 
degree of polymerisation of 40 to 50 residues. It contains 55 — 60ç 
of-1,3-1iflkages and 40 — 45' of1,4-1inkage89 which occur both in 
blocks of similar linkages and in alternating sequences. It therefore 
differs from the fungal -glucan, nigeran, which also contains o. -1,3- and 
i...1,4-linkages in approximately equal proportions (Barker, Bourne and 
Stacey, 1952; 1953; Barker, flourne, 0 1 11ant and Stacey, 1957). 	However, 
the latter is composed almost exclusively of an alternating sequence of 
these linkages, and has a CL of 300-350  glucose residues. 
Further studios are reported in this thesis which have been 
conducted in an attempt to further elucidate the sequences of 
c -193- and 
. -10-linked residues in isolichenin. 
ChAPTER II 
THE SEQUENCE OF LINKAGES IN ISOLICHENIN 
The Smith degradation procedure has proved a useful tool for 
the analysis of the fine structure of polysaccharides containing a 
proportion of 3-substituted residues. This technique has now been 
applied to isolichenin. 
Exrimenta3. 
Reduction of Periodate by Isolichenin. 
A sample (74 mg) of isolichenin from Cetraria is1andioa, which 
was kindly provided by Dr. D.H. Huton, was oxidised in the dark at 100 
with 0.04 H-sodium iuetaperiodate (50 ml). The course of the oxidation 
was followed by measurement of the reduction of poriodate, the optical 
densiti - e at 222.5 ni of aliquots (1 ml) diluted to 500 ml being determined 
epeotropho tome trically. The linear portion of the graph of optical 
density against time was extrapolated to zero time (Fig. 16). A 
calibration graph was constructed in the usual way from solutions of 
unreduced periodate, obtained by diluting a portion (0.5 ml) of the 
0.04 U-sodium metaperiodate to 500 in]., and of cornplte1y reduced 
period.ate, prepared by treating the sodium metaperiod.ato (0.5 ml) 
with ethylene glyco]. (1 ml) and, after 30 mm., diluting to 500 in].. 







Reduction of periodate by isolichenin 
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Reduction of period.ate by isolichenin - 0.547 mole/anhydrohexoae residue. 
Small-scale Smith Degradation of Isolicheriin. 
The procedure described by Goldstein, Hay, L wie and Smith 
(1965) was applied to the remainder of the oxidised solution from the 
preceding period.ate uptake experiment. 
Periodate oxidation . 
The excess poriodate in the previously described oxidation 
mixture was precipitated by the addition of an excess of 2N-lead acetate. 
The whLte precipitate was removed by centrifugation and washed with dilute 
lead acetate. The centrifugate and waahingsvrere dialysed against running 
water for three days to remove excess acetate. 
Borohydri de reduction. 
Potassium borohydride (0.11g) was added to the non-diffusible 
solution (70 ml) and the reduction was allowed to proceed at room 
temperature for 18 hr. The excess potassium borohydride was destroyed 
by neutralisation with N-hydrochloric acid. The solution was concentrated 
to ca 10 ml at 400  under reduced pressure. 
Mild acid hydro]ysi. 
The concentrated solution, which was slightly acid, was again 
neutralised. with 0.5 N-sodium hydroxide, then treated with 211-hydrochlorLc 
acid (0.33 vol) to provide a hydrolysis solution of 	0.5 N. After 
hydrolysinC at room temperature for 18 hr., the hydrolysate was passed 
successively through columns of Amberlite IR-400(011) and Amberlite 
IR-120(H) ion-exchange resins. The s1iht].y acid eluate was finally 
adjusted to pH 7.5 with .Amberlite IR-45(011) anion-exchange resins. 
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The neutral bydrolyeate was f1tered rntl evaporated to dryness in vacuo 
at 40° . 
Paper chromatography of products of email-scale Smith degradation of 
iso1icienizi. 
The Smith-degraded isoliohenin was examined by qualitative 
paper chromatography using 10/4/3 solvent and both aniline oxalate and 
silver nitrate spray reagents. Reducing components were not detected 
with the former. Jith silver nitrate spray reagent, the following 
components were developeds 
Component Concentration Tentative Identity .3tandard 
(!g) (Rg) 
1090 + glycerol 1.91 
1050 + erythritoi 1.53 
0.64 ++ -D-g1ucosyi-erythritol 0-63 
a 
0.64 trace nigerose - 
0.48 +++ -nigerosyl-erythritol - 
The standard mobility quoted for -D-g1uoosyl-erythrito1 was the 
value obtained in kart II, Chapter IV for r-D-g1ucoay1-erythritol. 
Large-scale Smith Dogradatlon of Isolichenin. 
On the basis of the products detected from the qualitative 
experiment, isoliohenin was degraded quantitatively by the Smith 
procedure. 
Periodate oxidation. 
Isolichenin (2.060 g) was oxidiaod. with 0.05 U-sodium 
metapertodate i 1) in the dark at room temperature (12 0) for 24 hr. 
The excess period.ate was reduced by the addition (2g) of ethylene 
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glycol. 	otaasiurn iodate and excess ethylene glycol were removed 
by dialysis against tap water for four days. 
Borohydri e reduction. 
Potassium borohydride (39) was added and the elution was 
stirred for 24 hr. The reduction mixture was adjusted to pH 7.0 
with 2N-hydrochloric acid, and evaporated at 
350 under reduced pressure 
to a final volume of ca 200 ml. 
Mild acid hydrolysis. 
2N-Sulphur)o acid. (50in].) was added, and the solution (pH 1.1) 
was allowed to hydrolyse at room temperature for 24 hr. The hydrolysate 
was neutralised by the addition of sati_rated brium hydroxide, final 
adjustment to pH 7.0 being effected with b.riuin carbonate. The 
mixture was centrifuged and the residue washed with water. The 
combined oentrifugate and washings were evaporated under reduced pressure 
at 
350, When the volume had diminished to approximately 50 ml., 
white crystalline material began to separate from the solution. 
Sufficient water was added to redissolve this material, and the 
hydrolysate was passed twice through columns of mixed Amberlite IR-120(H) 
and Amberlite IR-45(OH) ion-exohangresina and once through mixed 
Amberlite 1R-120(H) and Amberlite IR-40 0(OH) resins. The eluate 
was evaorated to approximately 70 ml., and, after two days at 20, 
white crystalline material had again separated. This was removed by 
filtration, the residue being washed with a small volume of water at 20. 
The residue was redissolved and spotted on filter paper. Development 
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Raper chromatorep of Smith-degraded iaoliobenjn 
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Gy = glycerol (standard) 
	
G = glucose (standard) 
B = erythritol (standard) 
	
I • Smith-degraded isoliihai4 
The broken lizws refer to the subsequent thick paper separation of the 
deradation product.. 
with silver nitrate spray reagent produced a grey coloration similar to 
that obtained from ionic material. The filtrate was repeatedly 
evaporated to dryness in vacuo at 300  with methanol to remove any 
remaining traces of borate as the volatile methyl borate. A white 
residue was obtainede 
alita.tive taper chromatography of Smith degradation produot of isolichenin. 
The mild acid hydrolysate was examined by paper chromatography 
using 10/4/3 solvent and silver nitrate cpl'ay roaont. The chromatogram 
which was obtained, and the subsequent separation of the corresponding 
components on thick paper 	are depicted in Fig. 17. The components 
are tabulated below: 
Component 	Concentration 	Tentative Identity 	Standard 
(Rg) 	 (Ig) 
1088 	 + 	 glycerol 	 1.91 
1.50 	 + 	 erythritol 	 1.53 
0.84 	 ++ 	 i-D-gluooayl-erythritol 	0.83 
0.64 	 trace 	nigerose 	 - 
0.48 	 +++ 	 -nigerosyl-erythrito1 	- 
0.27 	 trace 	-nigerotr1oey1-eryt1irito1 	- 
Thick paaer separation of products of Smith-degraded iaoliçhenin. 
The hydrolysis products were separated on Whatman 3N paper 
using 10/4/3 solvent. Guide strips were sprayed with silver nitrate 
reagent, and areas corresponding to the components were cut out as shown 
in Fig. 17.  These areas, corresponding to glycerol, erythritol, glucosyl-
erythritol, ni erase, niger syl-erythritol, and the area between 
185. 
nigeroeyl-erythritol and the starting-line which has been described as 
containing 'oligosacoharides' were eluted with water. A small proportion 
of a trace componcnt of greater mobility than glycerol, having the same 
Rg value in 10/4/3 as glycollic aldehyde, was also recovered from some 
of the papers, althotrh this material normally ran off the foot of the 
sheet. A 	fl proportion of the glycerol was also lost in this way. 
The area corresponding to glucosy]erythrit0l was collected in two fractions, 
the first being almost pure, and the second being contaminated with a small 
proportion of the component tentatively identified as nigeiose. The 
latter component consisted of the eluate from the poorly defined area 
between the two nrior sugar alcohols, and appeared to contain a small 
proportion of material which was incompletely separated from the glucosyl-
erythritol. The fractions were freeze-dried and weigheds 
Componcn,t leoovery Composition of Hydrolyaate 
(mg) () 
glycollic aldehyde 4.2 0.9 
glycerol 16.2 3.4 
erythritol 22.5 5.9 
clue ooyl-eTYtIU'itOl, I 82.9 18.6 
gluoosyl_erYthritol, II 86.6 19.5 
nigeroae 15.2 
3.2 
nigerosyl_erYthritol 191.4 43.1 
oligoaacchrie8 24.5 504 
443.5 10000 
Gverafl recovery 	- 21.6% w/w. 
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Identification of Components* 
Glycollio aldehyde 
This material, which had a chromatographic mobility of Rg 2.10 
in 10 '4/3 solvent system, wan not further eamined. 
Glycerol 
This fraction was chromatographically pure • The chromatographic 
mobilities compared to those of authentic glycerol (brackets) were 
Rg 1.88(1,88) in 10/4/3, Rg 1.68 (1.69) in 18/3/1/4, Rg 1.99 (2.02) in 
4/1/5 9  and Rg 1.65 (1.65) in 6/4/3. This component was characterised 
as the crystalline p-nitrobenzoate Gfl.i compared th the derivative 
prepared from an authentic sample. 
mop. of p-nitrobenzoate from isolichenin 	IN 187 - 189° 
mop. of p-nitrobenzoate from authentic glycerol - 	189° 
Mixed m. p. 	 - 185 - 188° 
Literature in.p. 	 AS 	 188° 
rythri tol 
This component was also chromatographically pure and had the 
following chromatographic mobilities in four solvents Hg 1.50 (1.53) 
in 10/4 , Hg 1-53 (1-52) in  18/3/1/4,  Hg 1.58 (1.63) in 4/1/5 and 
Rg 1.36 (1.36 ) in  6/4/3. This component was characterised as the 
crys tall ipenta-acetate. 
mop. of penta-acetate from isolichenin 	 - 80 - 82° 
mop. of penta-acetate from authentic erythritol - 	83° 
Mixed mop. 	 IN 79 - 82° 
Literature m.p. 	 IS 	 84° 
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Glucoayl-el'Ythri to. 
Fraction I contained traces of the coponoflt8 tentatively 
identified as nigerose and nigerof3yl_er3rthritol. Fraction 
II contained 
rather more of the last two components. The major component of both 
fractions had chromatographic mobilities of R 0.84 (0.83) in 10/4/39 
Rg 0.98 (1.00) in 18/3/1/4, Kg 0.82 (0.79) in 4/1/5 
and Rg 0.90 (0.90) in 
6/4/3. This material produced, at first, a characteristic 
grey cloratiofl, 
with silver nitrate spray reagent, which only developed the 
more usual 
dark coloration of carbohydrate material after warming the chromatogram 
over a boiling water-bath. Partial acid hydrolysis 
and paper chromatography 
yielded products corresponding to erythritol, glucose 
and the original 
component, with only traces of the material with slower mobility, which 
had also been detected in the unhydrolysOd fractions. This material was 
not hydrolysed by almond emulsin. 
Ni ex' saG. 
This impure fraction, which was derived from the area of the 
thick papers between the main sugar alcohol fractions, contained mainly 
glucosyl_el7thritol and a lesser component of Kg 0.67 in 10/4/3. In 
addition, a sUer proportion of nigerosylerYthrit0l 
was present. 
.jeroeyl_erYthri tol. 
This cOm')flflt, which had an Rg value of 0.5 1  in 10/4/3 contained 
trace amounts of nigerOse and glucosyl_erythritol 
as impurities. It 
exhibited the same colour characteristics on development with silver 
nitrate spray reagent as 
did glucosylerYtrit0l. iartial acid hydrolysis 
and paper chromatography in 10/4/3 solvent produced erythritol, glucose, 
188. 
glucosyl.-erythritol, nir"erose and the original material. This 
component was not degraded by almond ernulain. 
01iosaocharidoe. 
The only detectable oligosacoharide from the area of paper 
between nigeroeyl-erythritol and the starting-line was a non-reducing 
component of Jg 0.27 in 10/4/3. Only a small amount of glucose was 
developed after partial acid hydrolysis. A plot of -log Rg/ for 
gluoosyl-orythritol, nigerosyl-erythritol and the material of Rg 0.27, 
assuming a DP of four for this last component, yielded a straight line. 
This component was, therefore, probably nigerotriosyl-erytiritol. The 
-/-configuration of the linkage was substantiated by its stability to almond 
emulain. 
Meth;lation and Ms/liquid partition chromatography of the Smith dejradatior, 
products of isolichenin. 
Portions (2 mg) of the separated prodiota corresponding to 
glycerol, glucosyl-erythritol, nigerosyl-erythritol, oligosacoharides 
(ni -ero.triosylerythritol), and the impure fraction corresponding to 
nigerose, were each tr - ated with redistilled dimothyl formamide (0.2 ml), 
methyl iodide (C.2 ml) and silver oxide (150 mg)  in a sealed tube. 
The methylation mixture was shaken in the dark at room temperature for 
two days. The mixture was filtered, and the residue washed with chloroform, 
Some white silver salt, which precipitated with chloroform, was also 
removed by filtration. The filtrate was evaporated repeatedly to 
dryness with toluene. The last traces of dimethyl fornianide were removed 
by evacuation using a high vacuum pump for 6 hr. The mothylated products 
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were methanolysed in the usual war with 3j methanolic hydrogen chloride. 
Gas/liquid partition chromatography was kindly performed by Mr. J.C. Patterson 
using a polyethylene glyool adipate column at 175 
0 
ieaks with the same retention values as those of 294, 6 tri-2-
methy1--rlUCOSe were detected in all the samples, establishing that these 
were constant artefacts by a mechanism which is not fully understood. 
However, a significant increase in the ratio of the peak areas of 
2, 4,6_tri_Q_!flethY1--ClU003e compared to 2,5, 
4,6_tetra_ç_mOthyl_glu0085 
was observed betv'ean the glucosyl_erythritol, ni-erosyl_erythrit
0 l and 
oligosacoharide derivatives, whereas the nigerole derivative gave 
substantially the same chromatographic pattern as did 
that of glucosyl-
erythritol. The retention values of 
the methylated glucose peaks with 
respect to the .methylglyO0Bide of 	
and 
the peak areas, which have been corrected to compensate for the proportions 
of these p&,-k3 v,dc.h •ere due to the artefacts of similar retention value 
to 2 9 4 9 6_tri--methYll' 
Original Comionefl
I  leak 
e A  G 








icose, are tabulated belowi 




2,4,6_tri_0_methYl_è_G1uc 80 ) 0.00 
2, 4,6_tri__methY1_glu008e ) 




2,4, 6_tri_Q_me thyl__glU008e ) 0.00 
, 4,6_tri_0_methyl_glU009e  
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Original Component Peak 
Me4G 

















2,3, 4,6_tetra__ethy1 	.g1UC0Re 2,4,6_tri__Tnethy1__glUO0a8 
2,4,6_tri_Q_methY1__g1UC08e 




The reduction of period.ate by iso].ichenin was 0.547 mole/ 
axthydrohexose residue, due to 1,4-linked glucose residues and non-
reducing terminal residues. Since the DP of isoliohenin, which is 
unbranohed, has been shown (Chanda, Hirst and Manners, 1957)  to be 40 -50 
glucose residues, it follows that the periodate consumed by the terminal 
residues accounts for ca 0.116 mole/anhydrohexose residue. The reduction 
of periodate due te the 4-0-substituted glucose residv's was, therefore, 
approximately 0.431 1nole/anhydrohexose residue. This analysis representing 
ca 5V1 of periodate-stable 1,3-linkages nd ca 43 of 1,4-linkages in 
isolichenin is in good agreement with the values of 60% s 40% respectively 
quoted by Ch2nda, Hirst and Manners (1957), and 55 : 45 respectively 
reported by Peat, 'holan , Turvey and 1Eorgan (1961). 
Since isolichenin contains a high proportion of oriodate-
resistant residues, it is ideally suited for analysis by the Smith 
degradation technique. By this moans, adjacent 1 9 4-linkages form 
erythritol; alternating sequences of'-1,3- and -1,4-linkages produce 
glucosyl-erythritol; two adjacent -10-linkages are converted to 
2-0-&-D-nigeroey1-erythrito1; and larger blocks of adjacent 1 9 3-linkages 
would result in the nigerodextrin series of 2-substituted erythritols. 
These prodcta are, therefore, analogous to the series of laminaridextrin-
erythritols which are obtained from Smith-degraded barley gluoan (Part II, 
Chapter Iv). 
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The qualitative results of a small-scale Smith degradation of 
isolichenin indicated that, in contrast to barley glucan which contains 
bloks of up to five adjacent -1, 3-linkages, the sequences of adjacent 
-1,3-liiiked residues in isolichenin were restricted to two or, at most, 
three such linkages. This observation was confirmed by a large-scale 
quantitative experiment. Neglecting the small losses of glycerol and 
glyco].lic aldehyde from the thick paper separation and the trace 
impurities in some of the fractions, the composition of the Smith 
degradation mixture indicates that isolichenin is composed of the 
following structural featuress 
'l.3 1,4 
nigerosyl-erythritol - 	43.1% 	• -3G1-3G1-401- • 1.1.4% 
glue oayl-erythritol - 	38.2% 	• -3G1-4G1 - • 	19.1 19.1% 
erythritol - 	5.9% 	• -4G1- a 	- 59% 
nigerotriosyl-erythritol - 5.4$ 	• . -3G1-3G1-3G1-4G1- • 	4.0% 1.3% 
nigerose - 	3.2% 	• -3Gl-3-l- • 3.2 - 
95.8% 55.1% 40.7% 
The remaining 4.2' was accounted for by glycerol and glyoollic aldehyde. 
These figures provide a proportion of 57.5% of 0-1,3-linkages and 42.5% 
of -1,4-1inkages in comparison with the values of 57$ and 43% respectively 
obtained by periodate oxidation. 	It is, therefore, evident that the losses 
which occurred during the Smith degradation and separation procedures were 
uniform, and did not favour any specific structural feature. 
A large part of this loss was probably incurred during the hydrolysis 
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stage of the Smith degradation. A oone derable proportion of white 
material deposited from solution during the evaporation of the neutralised 
mild acid hydrolysate. This was considered to be inorganic, although 
it was not removed by repeated elution through ion-exchange resins, 
since it gave a similar coloration with silver nitrate spray reagent to 
that which is normally associated with the presence of ionic material. 
The residue was, therefore, rejected. However the same characteristic 
grey coloration was later found to be developed by the c*eugarerythritole, 
The overall recovery of 21.6ç was, nevertheless, higher than had previously 
been obtained using similar methods. 
Most of the Smith degradation products were isolated either 
chromatographically pure or with only trace contamination from other 
components. 	The fraction tentatively identified as niero ;e,did, however, 
contain 'n 	'rectable proportion of glucosy].-erythritol. This fraction 
was too small for this to significantly affect the calculated ratio of 
&-1,3- to ­l,4-linkages. The components were identified by their 
chromatographic mobilities in P. number of solvents, and the identitios 
of the oligoeacoh - ride-erythritOla viere further confirm d by their partial 
acid hydrolysis products. Crystalline derivatives of the glycerol and 
erythritol vere prepared. The -oonfiguration of the linkages was 
demonstrated by their stability with almond emulsin. 	vidence for 
the presence of sequences of more than three adjacent -1 9 5-linkagee was 
not obtained, since oligosaccharides higher than nigerotriosyl-erythritol 
were not detected. The identities of the oligosacchariies were further 
substantiated by gas/liquid parttion chromatography of the methylated and 
194, 
nethanolysed derivatives. 	The ratios it' the peak areas of 2,,6-tri-- 
nethyl-D-gluoose to 2,3,4,6_tetra__methyl__glUCO8e were 0.0 z 1.0, 
D.8 * 1.0 and 1.6 $ 1.0 respectively for glucosyl-erythritol, nigerosyl-
erythritol and ni;e2 otriosyl-erythritol ii t*5ri*y, results which compare 
favourable with the identical ratios obtained from the corresponding 
N-linked derivatives of barley glucan (Part II, Chapter Iv). Since 
these ratios are all slightly lower than the theoretical figures, this 
appears to reflect some diminished sensitivity of the gas chromatograph 
to the trimethyl components. The ratio of the trimethyl components of 
glue osyl-erythri tol, nigerosyl-erythritol and iii ero triosyl -erythri tol was 
0 , 1 i 2 in agreement with the theoretical figures. The nature of the 
sequences of reactions involved in the Smith degradation procedure Indicates 
that the erythritol residues of these sugar-alcohols are substituted at C2. 
This sample of isolichenin is therefore composed of ca 4Xt of 
units containing two adjacent -193-1inkageo and 	38 of alternating 
sequences of'-1,3- and ,i-1,4-linked residues as shown belows 
_3G130,1-4Gl-3Gl-3G1-4Cl-3G1-4Gl-3Gl- 
The molecules also contain minor proportions of ccntiguous - -194-1inked 
residues and sequences of three adjacent x-10-1in1:.ges (5.9; and  5.4' 
respectively). This structure agrees with that reported by ieat, Whelan, 
Turvey and ;1organ (1961) who presented qualitative evidence for the presence 
of both n.djaoent-1,3- andA-1.4-linkages in addition to alternating 
sequences. The structure of isolichenin is not, therefore, analogous to 
the oat and barley 1-glucans or to lichenin, since the cereal glucane 
contain longer sequences of similar adjacent 1inka'?s whereas liohenin 
195, 
ontaina only isolated 1 9 3-linkages. Furthermore the molecules of isolichenin 
Ic not represent shorter versions of those from nigeran, since the latter 
polynacoharide is composed almost exclusively of an alternating sequence 
Df -193- and -1,4-link ages . 
196 0  
SWAR! 
Structural analyses of lamina in, barley glucan, lichenin and isolichenin 
have been reported in this Thesis. 
A number of samples of both insoluble and soluble laminarin have boon 
examined using periodate oxidation techniques. A comparison of the degree 
of polymerization with the chain-length has revealed that the soluble species 
is branched, whereas insoluble laminarin is essentially linear. The Smith 
degradation of soluble laminrin did not result in fragmentation of the 
molecule, and hence it has been inferred that 1,6-inter-residue linkages are 
absent. A isethylation analysis of soluble laminarin has been effected. The 
proportion of 2, 3 9  4, 6_tetra.Iaethyl__glUOO5e produced has oonfirmed the 
chain-length of this sample. It has been established that a small proportion 
of 2 9  3, 4.-tri-methyl_Dg1uoo8e which was identified does not arise from 
1.6-inter-residue linkages, but is rather an artefact of under-methylatiou. 
1-2- Laminaribioayl-maflflitOl and 1-2- 
 laminaritriosyl-mannitOl have been 
isolated and identified from a partial acid bydrolysate of soluble laminarin. 
A structural difference between barley glucan and lichenin has been 
demonstrated by enzymic studies. The products of a Smith degradation of 
barley glucan have been identified and indicate that this gluoan contains 
sequences of up to three, and probably up to at least five adjacent 
i. -1,3-linked glucose residues, in contrast to liohenin in which the 
I ,3-lirbagea occur exclusively in isolation. 
Isolichenin has been shown to consist of as 40% of sequences of two adjacent 
-1 ,3-linked  glucose residues, cm 40% of alternating sequences of 1,3- and 
1,,4,-linkages, and minor proportions of blocks of adjacent i 94,-linkages and 
sequences of three adjacent -1,3-linked glucose residues. 
197. 
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